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Post War Industrial Development 


HEN a country has been at war about four 
W and a half years, with no indication of a speedy 

termination of hostilities, it is difficult even 
to attempt to visualise the shape of things to come. 
Yet, while the successful prosecution of the war must, 
obviously, be given priority, we should not be blind 
to the future. When victory has been won in the field, 
problems will be encountered which, in magnitude and 
importance, will not be less than those this country 
experienced early in the war, and careful thought must 
be given to them if chaos is to be avoided during the 
immediate post-war period. 

Almost the whole of this country’s industrial activities 
has been directed to the war effort and the transition to 
peace-time activities with as little sacrifice as possible 
of income and employment will call for vision and 
management of a high order. In addition, the action 
taken must facilitate the absorption of millions now in 
the Forces and permit the rapid adjustment of personnel 
in industry. It will be no easy matter to transfer labour, 
machinery and plants from war production to the 
production of goods to meet demands that in many 
cases have remained unsatisfied for the duration of the 
war. Many districts, now largely dependent upon the 
production of munitions and equipment for the Forces, 
will feel the full force of these changes. A time-lag 
between war and peace activit‘es is bound to be ex- 
perienced, but arrangements must be made to limit this 
time to a practical minimum without the immediate 
displacement of labour. 

The Government is sufficiently alive to the necessity 
for action to have appointed a Minister of Reconstruction, 
but there seems to be a tendency to expect from this 
Ministry a * cut-and-dried*’ remedy for every con- 
ceivable eventuality. Surely the primary function of 
this Ministry is to provide guidance to various essential 
industries that must have a flying start to meet imme- 
diate needs. It should assist in the establishment of 
stable conditions rather than to promote the adoption 
of expediencies that are likely to involve frequent 
changes. In some sections, such as that of housing, 
definite action is being taken by the Ministry, indeed it 
is likely that building operations on agreed plans will 
be commenced before victory is achieved, although, in 
view of labour scarcity, these operations will probably 
he confined to relatively small : 
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great transition our business and industrial executives, 
engineers, scientists, research workers, and labour repre- 
sentatives will face a great opportunity and a great 
responsibility in devising ways and means for effecting 
a high level of employment in the post-war period. The 
problems will certainly not be solved by the clash of 
class interests, but rather by the union of all for the 
highest good of all, accompanied by increased efficiency, 
greater comfort, and growing good will. 

Fortunately, there is evidence that industry realises 
its responsibility and in many cases plans have been 
prepared, or are in course of preparation, to reduce the 
effect of the changes from war to peace in order to lessen 
the time-lag. Some of our major industries and large 
organisations, for instance, that are at present almost 
wholly concerned with war production, have set up 
departments to which have been assigned research men, 
engineers and manufacturing and marketing specialists 
to plan to meet post-war conditions. 

In some industries the war conditions have caused 
development to proceed at such a high rate that pro- 
duction far exceeds pre-war requirements. In both the 
aluminium and magnesium industries, for instance, great 
progress has been made and considerable development 
in the application of these materials for peaceful purposes 
will be necessary to absorb the increased production 
capacity which will be available, and to make use of 
the trained personnel now engaged on war production. 
It must be remembered that, especially in the case of 
aluminium and its alloys, the increased production has 
been diverted from the wide range of peace-time applica- 
tions, and since the beginning of the war has been used 
almost exclusively in aircraft construction. Apart from 
the aeronautical branch of engineering, therefore, the 
light metals industries will be required to make almost 
a new start, but, as will be gathered from information 
given elsewhere in this issue, the aluminium industry 
has not only improved its capacity, but it has met the 
demand for high quality of its alloys and for increased 
strength at atmospheric and elevated temperatures to 
enable higher performance to be achieved. Further, 
their use for such severe service conditions has favour- 
ably impressed engineers and designers and the future 
for this industry should be bright if carefully prepared 
plans are made for the transition from war to peace. 

Obviously, careful thought must be given to plans 
for economy, for housing, sanitation, education, and a 

hundred other aspects of civil 





dimensions, but they will be 
capable of being greatly aug- 
mente’ when peace comes. 


It is, however, obviously 
absurd to expect the Govern- 
ment ‘> shoulder all the bur- 


dens, ; ticipated or otherwise, 





The fact that goods made of raw materials in 

short supply owing to war conditions are 

advertised in ‘‘ Metallurgia’’ should not be 

taken as an indication that they are necessarily 
available for export. 


and national life.; all, however, 
depend, to a varying degree, 
on industrial expansion to pro- 
vide means to enjoy improved 
health and greater happiness 
for the nation, thus post-war 
industrial development is 








that perce will bring. In the 


essential. 





170 METALLURGIA FEBRUARY, 194} 


~ Aluminium Alloys and their 
Fabrication 


Instructional Films of American Practice 
ore in the fabrication of aluminium and 


its alloys has been available in this country for 

many years; since the outbreak of war, however, 

it has been intensified, partly because not enough 
operators were available to supply the need for skilled 
workers, and partly because developments in technique 
have proceeded at a greater speed than could be absorbed 
normally, Owing to special training in specific operations 
production, under emergency conditions, has gradually 
increased and operatives in the light-metal industry 
have contributed in a large measure. But in order that 
the full benefit of developments may be applied without 
unnecessary delay education must continue, and a note- 
worthy means of promoting a fuller knowledge of 
aluminium alloys and their fabrication is provided by 
a set of three films showing current American practice 
in their machining, riveting and welding. 

Copies of these films have recently been obtained from 
the United States by the Wrought Light Alloys Develop- 
ment Association, and the Association is anxious that 
they should have as wide a showing as possible. These 
films, which are for use with sound projectors only, have 
been specially prepared for the guidance of technicians 
and operatives in the light-metal industry. The following 
synopsis of these films indicates the range of each 
subject 

How to Machine Aluminium.—The properties 
affecting the machinability of the aluminium alloys 
and the influence of alloying elements and_ heat- 
treatment are described. The fettling of aluminium 
alloy castings is dealt with and the types of saws and 
files are shown. Suitable machine tools are then 
described, and the respective merits and uses of high- 
carbon steel tools and carbide-tip tools, together with 
their design, are illustrated. The necessity of using a 
coolant is emphasised and the correct tool angles for 
the aluminium alloys are described. The following 
specific machining operations, with rates of speeds 
and feeds and recommended cooling and cutting fluids, 
are shown in detail ; planing and shaping ; drilling ; 
reaming ; tapping; sawing and grinding. (Time of 
iunning : 30 mins. approx.) 

How to Rivet Aluminium.—tThe film opens by show- 
ing how rivets are manufactured and describes the 
uses of the various kinds of rivets. Methods of riveting 
are then illustrated, attention being given both to 
rivets in alloys driven cold and those that require 
heat-treatment. The preparation of holes for riveting 
and the assembly of the work are described. Explosive 
and ‘blind’ riveting are then dealt with, and the 
film ends with a recapitulation of the principles of 
good riveting practice and the necessity of selecting 
rivets of correct alloy, temper, size and form; of 
preparing all rivet holes properly ; of lining up the 
work accurately and holding it securely ; of seeing 
that each rivet is so driven that it completely fills the 
hole; and of inspecting all work after riveting. 
(Time of running: 30 mins, approx.) 

How to Weld Aluminium.—The film opens with an 
account of the oxy-acetylene welding of aluminium 
and its alloys; the correct shape and colour of the 
flame are shown, the use of flux described, and some 


typical applications mentioned. Welding techn: jue 

is excellently illustrated in considerable  de;ail, 

The technique of are welding (both metallic are and 

carbon. arc) is given, and is followed by an account of 

the atomic hydrogen-welding process. Brazing 
technique for the aluminium alloys is then dealt with - 
the importance of cleaning the work and fluxing being 
stressed. The concluding section of the film covers 
spot welding of the aluminium alloys and _ presents 
typical welding machines and diagrammatic repre. 
sentations illustrating current flow and weld formation. 

The correct use of electrodes, methods of pre-welding 

treatment, spot welding technique and the testing of 

spot welds are shown. (Time of running: 40 mins, 
approx.) 

Applications for the loan of these films, which will be 
dealt with in strict rotation, should be made to the 
Wrought Light Alloys Development Association, Union 
Chambers, 63, Temple Row, Birmingham. In every case 
where they are shown a member of the Association's 
staff will be in attendance to answer any questions that 
members of the audience may wish to put forward and 
to supply, if required, further information on the 
wrought light alloys and their treatment. 


Forthcoming Meetings 


INSTITUTION OF MECHANICAL ENGINEERS. 
Feb. 25. “ Troubles, Breakdowns, and Their Cares.” 
Open discussion. 
Mar. 14. Symposium on “* Contractors’ Plant.’ Joint 
Meeting with Institution of Civil Engineers. 
Mar. 17. **‘ Some Modern Aids in the Investigation of 
the Behaviour of Materials, Mechanisms and 
Structures.” A symposium of short papers. 
SHEFFIELD METALLURGICAL ASSOCIATION. 
Feb. 29. “ The Technique of Metallographic Examin- 
ation,” by J.C. Gregory, A.Met. (at 6-30 p.m.). 
Mar. 18. ‘* The Physical and Mechanical Properties of 
Segregates,” by H. M. Finiston, B.Sc., Ph.D. 
(at 2-30 p.m.). 
MANCHESTER METALLURGICAL SOCIETY. 
Mar. 1. * Die-castings,”’ by A. C. Street, B.Sc., Ph.D. 
(at 6-30 p.m.). 
ELECTRODEPOSITORS’ TECHNICAL SOCIETY. 
LONDON CENTRE. 
Feb. 28. “ Electrodeposition of Brass,” by 
Kronobein. 
MIDLANDS CENTRE. 
Mar. 7. * Electrolytic Pickling of Metals, 
Wernick. 
THE MAUDSLAY SOCIETY. . 
The Annual General Meeting of ** Men of Maudslays, 
the Society established to commemorate the life-work 
of Henry Maudslay, inventor of the slide-rest and other 
mechanical devices, will be held at the Institution of 
Mechanical Engineers, on Saturday morning, May 6th, 
at 11-30 o'clock ; the President, Mr. Walter T. Dunn, 
M.1.Mech.E., F.C.LS., in the chair. An Exhibition of 
Maudslay relics, including the famous Maudslay lathe, 
is being organised. Readers who may have any objects 
of interest as exhibits are asked to communicate with 
the hon. secretary, Mr. W. W. S. Robertson, Lynton 
Works, Bedford, giving particulars and space rec tired. 
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Furnace Control Operated from the 


Load ‘Temperature 
O. G. Pamely-Evans, B.Sc., A.R.I.C., Assoc. Inst. Gas. E. 


The trend towards lower furnace temperature, as close as possible to the actual temperature required 

in the metal, necessitates closer operating control of the furnace, and while many factors must be 

considered in achieving uniformity in heating, the load temperature is the primary consideration. 

Using the radiant tube furnace as a basis, the author discusses control of the furnace operated from 
the load temperature. 


with automatic temperature control, operating on 

the load, and many other types of heat-treatment 
furnaces are easily adapted to this type of control. The 
type of control employed has a most important bearing 
on the rate of heat transfer, and hence of furnace output. 
There are three main types of commercial! controller, 
known to the trade as “‘ On-off,” “ Floating,” or 
“ Proportional ’—(there is a bad confusion in the use 
of the two latter terms for the same type of controller ; 
actually, they mean different things, and each term is 
specifically applicable to one feature of automatic 
control)—and ** Floating plus Reset.” The “ On-off ” 
type can be operated by a millivoltmeter, or direct 
deflection type of temperature indicator, but the two 
latter are, so far, only used (in the writer’s experience) in 
conjunction with potentiometric temperature indicators. 
The first type, ‘ On-off,” is rarely used to control a 
temperature measured directly on the load as in a 
radiant tube heat-treatment installation for batch 
processes, but if it were, the effect would be as follows :— 

We will assume 
that the thermo- 
couple operating 
the controls is at- 
tached tothe outer 
surface of the load, 
and that the fuel 
valve gear is oper- 
ated by contacts 
or mercury 
switches which 
are themselves de- 
flected" by a chop- 
per-bar mechan- 
ism on the milli- 
voltmeter or po- 
tentiometric tem- 
perature indicator 
or recorder. The 
furnace is started frcm cold, and a record of the following 
type obtained on the load temperature recorder chart 
(Fig. 1). 

The radiant tubes or muffle very rapidly reach a 
certai;: temperature, at which heat input by combustion 
of the fuel equals heat loss by radiation plus loss in 
escaping products of combustion. Then as the lead 
warms up the rate of heat transfer to the load decreases 
Owing to the decrease in the differential temperature, 


P ‘TICALLY all Radiant Tube furnaces are fitted 








Temperature —> 
Fig. 1.—Type of record on the 
load temperature recorder chart, 
** On-off’’ control. 


so that the tubes or muffle become hotter, until the new 
radiant loss to the load, plus the new flue gas loss, 
balance the constant heat input. In other words, the 
waste-gases loss increases, or the furnace efficiency 
progressively decreases as the load heats up. Mathe- 
matically, the loss in flue gases is proportional to their 
temperature, assuming constant volume rate and com- 
position of fuel gas (this is always metered cold, hence 
the assumption of constant mass gas rate is valid) and 
the loss by radiation is proportional to the difference 
of the fourth powers of the radiating and receiving 
surfaces. Hence rate of heat input 


dQ 
dé 


where A and B are constants, and T and ¢ the absolute 
temperatures of the radiant tube or muffle, and the load 
surface respectively ; ¢ is a function of mass (m), specific 
heat (s) and thermal conductivity (k) of the material 
of the load, or 


AT + B (T* — ¢t*) = constant. . . (1) 


§ == fim, 6, &). 

Th's may justifiably be taken as a sine curve, or 
t=t, sin 0 (0 
AT + B(T* — ¢,' sin‘ @) 


time). 
dQ- 
do 
which simplifies to the form 
sin‘ @=aT+fBT'— y 
(a, 8, and y are constants) 

When @ = O, T (a + 8 T*) = y. 
and this expression enables us to obtain a value for y 
(rate of heat input) or a (constant for flue gas losses), 
or 8 (constant for radiation losses), whichever one is 
difficult to obtain from experiment. The shape of the 
curve (3) above is, in general, as plotted in Fig. 1. 

The total heat input up to the control point (t,) of the 
heating curve may be obtained by integration of ex- 
pression (2) taking T as constant as a first approximation. 
If 6, is starting time, and @, time at which the heating 
curve reaches the point t,, 


Then constant 


Os 0. 0, 
/ dQ af Tde 4 Bf (T! — 1,4 sin‘ 6) d@+ K 
) 4 “ 


1 1 1 


AT (6, — 0) + BT(0, — 0,) — sin® 6 — t, 


sin2 CS ‘ 0 4 
[ in? Occs @ a aie Gens | 3) ea 
4 6 


1 








To revert to Fig. 1. ABC is the temperature curve of 
the tubes or muffle (expression (3) ). DE is the sine 
curve of the warming-up of the outer surface of the 
load. From E and C onwards the two curves represent 
the effect of the automatic controller. the amplitude of 
vibration being a function of the furnace constant, valve 
movement, and instrument sensitivity (those interested 
are referred to the paper by Dr. Ivanoff.") 

The second type 
of control is the 
* Proportional.” 
In this type there Throttling ——>" 
exists in the in- Band ™! ' 
strument a ' 
“throttling band”’ 
or range of tem- 
perature over 
which the valve 
gear operates ; 
the valve move- 
ments being pro- y 
portional to tem- 
perature changesys 
within that band. 





<-— ¢, 






is 


x 
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This “ throttling ea 
band"’ may be per” 
longer than the =~ ———. 
temperature scale, —_— i 

in which case the , ' 

fuel valves start Temperature 
gradually to close 

as soon as the Fig. 2.—Typical record of the 
furnace is lit; or ‘* Proportional "’ type. 
the ~~ throttling 


band ** may be quite a small zone extending equally 
on each side of the pre-set control point. For example, 
if the control point is set at 800° C. and a throttling band 
of 100° C. is used, the furnace will heat up on full gas 
until 750° C. is reached when it will cut back—theo- 
retically being at one-half full flow at 800° C. and zero 
flow at 850° C. In practice a mechanical! stop or electrical 
cut-out prevents the fuel valve ever closing to such a 
position that the flame strikes back or is extinguished, 
since the resulting rapid drop in temperature would 
cause the gas to be turned on almost immediately, but 
not being ignited it would escape. The tube or muffle 
temperature in such a control system follows that in 
the ** On-off * type until the throttling band is reached, 
when it falls, as in Fig. 2, point A. 

In this case it can be clearly seen that the amount of 
heat required to raise the load to the control point is 
less than in the previous case, since the flue-gas loss 
is decreased as the tube or muffle temperature T drops 
after point A. On the other hand, the time required 
to bring the load to the control point is increased— 
theoretically to infinity—since the load temperature 
curve is asymptotic to the control point, and the tube 
or muffle temperature curve to a parallel line at a higher 
temperature, such that the heat from the tubes is making 
good losses from the furnace surface to the surroundings, 
plus a small input into the load. 

Mathematically ; the shape of the heating curve of the 
load up to point A, Fig. 2, is exactly as for ‘ On-off ” 
control. After this point let the slope of the curve be 


L Proc, Chem, Engineering Group, vol. 18, Oct, 6, 1936, on “* The Influence of 
Regulator,” 


the Characteristics of a Plant on the Performance of an Automati 
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proportional to its distance from the control poiit 
(regarded as amplitude of the sine curve for the case of 
‘* On-off ’ control). This assumption really means that 
the rate of change of temperature is proportional to the 
variation of the temperature from that required, which 
is a justifiable premise, since the rate of change of 
temperature may be taken as proportional to the position 
of the fuel control valve, which is the basis of “ pro- 
portional ” control. 


Therefore 
dt 
—=K(/,—t 
dt 
or a = K dé 
that is, 
— log, (¢, — t) = k@+K 
or 
t, — t = e- 0+) | (5) 
hence the rate of heat input equation becomes :- 
dQ _ ay + om __ gp — (h0+K) | . 
—* AT -4 Bl (t, € ) (6) 


which is a decreasing quantity. 

The total heat input between any two times 6, and 0, 
might be discovered by integration of the expression 
(6)—i.e., 


Sis far +8 |r (, — e-em] 0+. (7) 


But without separate knowledge of the variation of T 
this equation cannot be integrated. It is possible that 
the rate of variation of fuel input with (¢, — ¢) is known 
for any one make and application of a controller. Such 
an expression involves knowledge of the controller, 
valve-motor, valve, and gas-flow characteristics, but 
for simplicity’s sake, let us assume that the rate of fuel 
(and hence of heat) input varies directly as the first 
power of (f, — ¢), i.e., literally “ proportional ”’ control. 
Then 


(8) 


where a is a constant. 
Whence, by equation (5)- 


ae-@e+®) — AT + B[T*— (1, — e- wy]. 


an expression directly connecting T (tube or muffle 
temperature and @ (time).) 
Substitution of a value for T from equation (9) in 
equation (7), followed by integration will give us a 
figure for total heat input. This is a highly involved 
process, and will not be attempted—useful deductions 
being possible from the differential equations, as will 
be seen :— 
For “ On-off *’ control— 


’ 
= AT + B | T* — ¢,‘ sin‘ a] (i) 
dé . 
For “ Proportional * control— 
40 _ ary B[r—¢,—e-wormy] Gi 
dé 4 ' 





(Before proceeding to discussion of the above equations, 
it should be stated that the case of * floating plus 
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proportional ’’ control is not treated separately, for 
the “ floating *’ mechanism, which is reaily a control 
operating from the first differential of the time-tempera- 
ture curve, has, in practice, the effect of shifting the 
throttling band up the scale until its lowest temperature 
coincides with the control temperature, making the 
heating-up curve the same as for “ on-off’’ control. 
Such a total shift of the throttling band is the effect 
produced by 100% “ floating * mechanism, lesser shifts 
being proportionately called 75%, 50%, ete., according 
to the amount of shift produced. After reaching the 
control temperature “ floating plus proportional ” con- 
trol very rapidly stabilises the load temperature at 
exactly the control point required.) 

Reverting to equations (i) and (ii), for economy, dQ/dé 
must be a minimum, consistent with. attaining the 
required load temperature, which means, firstly, that A 
must be as small as possible relative to B, or that the 
thermal capacity of the flue gases (A) must be as low as 
possible (an important point—almost invariably over- 
looked in choosing a fuel), and that the emissivity of the 
radiant tubes or muffle (B) must be as high as possible. 

Secondly, ¢, must be as small as possible relative to T— 
in other words, the tube temperature must be raised 
as far above the final temperature required of the load 
as fast as possible. 


In case (i) for dQ/d@ to be.a minimum 


?Q =e ee 
== O, or sin? 6 cos 6 = O, 
whence 6= 0 
@= 7 
6= 27 


6 = 37m, ete. 

—that is, the rates of heat input can be minima at 
certain points, and maxima at others for the same 
results—as naturally follows from postulating ¢ = ¢, sin 8, 
but we are only interested in the range 6 = Oto 6 = 7/2, 
so that it is seen that the rate of heat input for a desired 
resulting temperature is out of our hands. In case (ii), 
“Proportional Control,” since the expression is 
essentially of the form dQ/dé@ = f(e®), it clearly bas no 
minima or maxima. It thus is clear that only the 
relationships of A and B referred to above are available 
for alteration to increase efficiency. Once this has been 
done—essentially a structural and design matter 
further efficiency depends on :— 





(1) Reducing T—the combustion-space temperature— 
so as to reduce heat losses in the waste gases, 
or adopting recuperation, or both. 

(2) Making ¢,—the final temperature of the charge—as 
small as possible relative to T, to increase the 
proportion of the total heat input which is 
transferred to the load. 

Since, in practice, ¢, is fixed by the metallurgy of the 
load, and results required, T must be made as high as 
possible. This is in direct opposition to condition (1). A 
1 . . 
giance at the expression for heat transfer (equations (2) 
and (6) ), of general form— 

dQ 

7 = AT+B(T Ss 1.4) 
shows that T shou!d be as large as possible for efficiency, 
since it is at the fourth power in the section of the 
expression dealing with heat transfer fo the load, and 
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only at the first power in that section covering flue 
losses. 

The factors A and B can be considered separately to 
find a pointer towards increased efficiency 

A is essentially a function of specific heat, again a 
function of analysis and temperature of the flue gases. 
For comparison purposes consider the two fuel gases— 
Blast Furnace Gas and Coal Gas. 

An average analysis for blast-furnace gas would be 
CO 30%, CO, 10%, H, 5%, N, 55%. Complete com- 
bustion of this gas with air yields a flue gas of analysis 
H,O 3-0%, CO, 23:5%, N, 73-5%. ‘Taking the specific 
heats at constant pressure of these gases at 900° C. as 
H,O —0-58, CO, 0-29, N, —0-27, the thermal 
capacity of 100 cub. ft. of this flue gas is 2-44. 

An average analysis for coal gas is H, --45%, 
CH, —30%, CO —5%, N; —20%, yielding, upon com- 
plete combustion with air, a flue gas of analysis 
H,O —27-4%, CO, —9-1%, N, --63-5%. With 
specific heats as above for the case of blast-furnace gas, 
100 cub. ft. of this flue gas will have a thermal capacity 
of 2-69. Thus the thermal capacity of flue gas from 
blast-furnace gas is less than that from coal gas by 9-3%, 

In other words, the heat loss in flue gases can be 
reduced by nearly 10% by changing from coal gas to 
blast-furnace gas, which effect is solely operative through 
factor A in all the expressions developed earlier. A 
drop of 9-3% in annual fuel bill is usually a large sum of 
money, incidentally. The key to this difference lies in 
the low H,O content of the blast-furnace gas. Any fuel 
with high hydrogen content, relative to carbon content, 
will cause high heat loss in the flue gases. Thus, 
anthracite is a more efficient fuel, per se, than bituminous 
coal, etc. Also the latent heat of vaporisation of water 
vapour must be taken into account, after consideration 
of the final temperature of tlie flue gases—i.e., whether 
gross or net calorific value of the fuel is to be taken as 
correct. In cases of heat-treatment furnaces, the net 
value will usually be that chosen, since the flue gases 
leave the furnace at a temperature above the dew point, 
except in some cases where extensive recuperation is 
employed. The thermal properties of air, too, vary. 
Thus, a change in relative humidity from 10% to 90% at 
70° F. produces a change of just under 2% in the thermal 
capacity of the air at 900° C.—or the flue gas loss, factor 
A, varies by about 2%, for varying weather conditions. 
So much for factor A. 

B is the factor governing heat transfer to the load by 
radiation. It is chiefly a function of the nature of the 
surfaces of the emitting and receiving bodies—or, more 
simply, of their emissivities. If the radiating walls and 
receiving surfaces could consist of lampblack or soot, an 
increased heat transfer of the order of 30°, over surfaces 
of iron or iron oxide could be obtained. Only when the 
load reaches practically the same temperature as the 
furnace, and black-body conditions obtain, can 100%, 
emissivities be counted upon, and this is the time when 
such are least required, since the required rate of heat 
transfer is a minimum. 

While these latter conclusions may help the practising 
engineer to attain higher efficiencies by attention to 
detail, the ideal case can be found as follows :— 





We wish to know precisely what tube or muffle 
temperature leads to most efficient heat transfer to the 
load—that is, to minimum stack losses. 
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Take expression (1), and differentiate with respect 


to T 
d dQ _ 
aT (‘°) A -+- 4B 


This is zero for a minimum or 
A + 4BT* O 
A 
4B 
(the right-hand side of expression (10) has the dimensions 
of temperature, which supports the line of reasoning). 
Further differentiation shews that this single solution 
is &@ Minimum, and not a maximum. 
Substituting the value of T from (10) in (1) we get- 


dQ ( A A\i 
; i" 3/1 
wm -*\-an) +? ( 4B ” 


\ 
that is, the optimum rate of heat input is that which 
precisely equals the maximum rate of absorption of 
radiation by the load at any time. The expressions for 
heat input in the two cases considered above thus 
become, for ideal conditions 


dQ 
de 


dQ 
3 ] ‘ h@ +WK) 
~~ 8 ) 


Two factors, generally disregarded in combustion 
problems, which must be recognised, are both meteoro- 
logical— Relative Humidity (dealt with earlier) and 
barometric pressure. If 28 in. of mercury is the baro- 
metric pressure at one time, and it increases to 30 in. 
of mercury at a later time, the density of the gas and 
air supplies will increase by about 7%, or the calorific 
value of the gas will increase by 7° per cub. ft. Since 
vas pressures are usually measured from atmospheric 
pressure as a datum (i.e, boosters, etc., increase pressure 
by so many inches w.g., measured on an open mano- 
above atmospheric *’) this causes no 
If gas pressures were measured and 


(10) 


Bi! sin' @ 


meter, and hence * 
combustion error. 
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Finally, a point which frequently arises in connection 
with radiant tube furnaces must be mentioned. The: 
is a common belief that there may be a lack of uniformi y 
produced by dissimilarity of combustion in, say, One 
tube of a bank of tubes. A simple mathematical treat- 
ment suffices to dispose of this idea. 

Consider a row of tubes as shown in Fig. 3, each tube 
of radius r, distant d, from the load, and at a distance 
apart of a between centres. Take tube 6, and consider 
the intensity of radiation falling from it on a line dr 
in the plane of the section. Let dx be distant y from the 
tube centre. Each tube may be regarded as a point 
source in the section plane, concentrated at the tube 
centre. 

Intensity of radiation on dx‘from tube 6 is proportional 
to :— 
but y? = a? + d? 


y* . 

The limit of the radiation from tube 6 on either side is } 
(owing to the shading effect of the next tube on each 
side). 


tan 6 ‘orb “ 

b a r 
Thus the radiation from any one tube is spread over an 
area of horizontal length of 2ad/r. Total radiation 
received by the load from one tube, for given tempera- 
tures, transmission medium, and emissivities, is pro- 
portional to :- 


ad +. aed 


2 a 
tan ~ 
d r 
Now consider the point on the load exactly opposite 
tube 6. The intensity of radiation at this point due to 
tube 6 is proportional to 1 d?*. 
The intensity of radia- 
tion at this point due to 
5 and 7 is propor- 





a 
<—— a>» 


1606-0 


a 3. 


controlled on an absolute basis, and air pressures on an 
atmospheric basis, or vice versa, the combustion, and 
hence CO, content of the flue gases, would vary with the 
barometer. Use of a heer tube pressure gauge for 
one and a water- gauge manometer for the other can lead 
to false proportion of gas to air with varying barometric 
pressures. Such varying combustion is, incide ntally, 

bound to happen with liquid or solid fuels (oil, coal, ete.), 

where metering of fuel and air and their balancing is 
performed automatically, as in some modern boiler 
control plant, pulverised fuel, and oil-burning equip- 
ment. 


Row of radiant tubes. 


tional to- 


Similarly, due to tubes 
4 and 8, radiation is pro- 
portional to— 
2 
4a? + d? 
and for tubes 3 and 9— 
» 


9a? + d? 


- take a concrete case, let a be 6in., d be 10 in., and 
Then if » is the number of tubes on either 
side which affect the point in question— 

b d 


ne b, or n 5. 
a r 


* be 2 in. 


Therefore only eleven tubes affect this point. The total 


intensities then add up as follows :- 
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ut 6? > 10% * (23 | ot ~ 18? | 108 © Jae | oF © 30% + Jo® 
5 Xo. "2 6 
or the total radiation intensity at the point is pro- 
portional to 0-0468. Of this, that due to tube 6 is only 
)-01, or roughly 21-8% of the total. 

Thus, at the best, the point exactly opposite to a tube 
receives radiation from that tube amounting only to 
2]-8°, of the total intensity. If now, due to some cause 
such as bad combustion, the radiating power of the tube 
drops by 10% (corresponding, at a tube temperature of 
about 800° C. to a drop of about 40° C. in tube tempera- 
ture, or 5%), the loss in heat in the zone opposite the 
tube is 10% of 21-8°%—i.e., 2-18% of the total incident 
radiation. 
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It is thus clear that small furnace irregularities may 
be permitted, which means that a plant which is con- 
trolled by a first-rate instrument, whose characteristics 
have been properly matched to the furnace, and the 
combined control instrument and furnace then matched 
to the loads (or vice-versa, loads matched to the furnace, 
which is fairly easy in a large shop with several furnaces, 
since each can be set up for certain loads, and these 
loads should then follow one another without variation) 
can be trusted to turn out high-class work at the highest 
speed and lowest cost possible. Attention to details 
of characteristics, as indicated in this paper, is not 
only the high-road to success in processing material 
and economy in operation, but also the bounden duty 
of any plant operator with a conscience. 


The T'win-Engined Monoplane 
Albemarle I and II 


Designed especially to meet what were, in the early days of the war, considered very real 

dangers (i.e., acute shortage of light alloys and other specialised aircraft materials, 

together with experienced aircraft manufacturing facilities) the Albemarle has been used 
for a variety of purposes, the most important being that of glider tug. 


HE Albemarle, designed by Sir W. G. Armstrong 
- Whitworth Aircraft, Ltd., is a twin-engined mid- 

wing monoplane of composite wood and metal 
construction with twin fins and rudders. It is the first 
British operational type to be fitted with a tricycle 
undercarriage which is designed and constructed by 
Lockheeds. Designed specifically to meet what at the 
time were considered very real dangers—i.e., acute 
shortage of light alloys and other specialised aircraft 
materials, together with experienced aircraft manu- 
facturing facilities—wood and steel were utilised almost 
exclusively, and an absolute minimum of light alloy 
incorporated. In spite of this severe design limitation, 
the percentage structure weight is very little above 
average for this type of aircraft. Its original role was 
that of homber-reconnaissance, and in the original lay- 
out the aircraft could be readily converted for either of 
these purposes. 

Production commenced straight from the drawing 
board some considerable time before the prototype flew, 
and was very widely distributed among sub-contractors, 
the majority being furniture manufacturers, shopfitters, 
ete. with no previous aircraft experience. 

As a bomber it was fitted with a four-gun Boulton 
Paul turret, but during the early production stages, 
important policy changes were made as a result of 
wartime conditions and experience. These changes 
resulted in a number of major modifications—e.g., 
deletion of the under power operated two-gun turret, 
complete change of electrical system, etc. Also as a 
result of these changes, the aircraft was converted to a 
variety of roles, the most important of which was that of 
special ‘ransport. For this role a large freight door was 
fitted in the side of the centre fuselage, operational 
bombins equipment and real fuselage petrol tank 
remove |, and the four-gun Boulton Paul turret replaced 
by a ty o-hand operated gun installation covered by a 
sliding ood, 


The main role is now that of glider tug. For this the 
original layout is largely retained. A Malcolm type hook 
is fitted at the rear end of the fuselage for glider towing 
with a release cable running forward to the pilot’s 
position. On later aircraft the large side entrance door 
as used on the special transport type will be fitted. 

Leading Particulars 

Span, 77 ft.; length, 59 ft. ll in.; height (to tip of 
propeller), 15 ft. 7in.; tail plane span, 26 ft. 4 in. ; 
main plane area, including ailerons (total), 803-5 sq. ft. ; 
tail plane area, including elevators (total), 164-43 sq. ft. ; 
fuel, over 750 gals.; oil, over 60 gals.; tare weight 
(glider tug), 22,600 ]lb.; maximum speed, in excess 
250 m.p.h. at 10,500 ft. ; normal range over 1,300 miles. 


General Description 


Fuselage.—The fuselage is a steel tubular structure 
with gusseted joints to which non-stressed fairing, made 
up of plywood skin on spruce formers, is clipped in such 
a way that it takes very little of the structural loads. 
The fairing panels are made up in large sections, such 
that, generally speaking, they cover a side or a top of the 
fuselage section. Longitudinally, the fuselage is split 
into three portions, front, centre and rear, which are 
attached one to the other with single-pin joints at each 
of the four longerons. The front and centre fuselage 
sections are attached respectively to the front and 
rear of the wing spar, which is continuous through the 
fuselage. The front fuselage stiucture is constructed of 
stainless steel tubing and gusset plates, to lessen com- 
pass interference, and the centre and rear fuselage 
structure is of high tensile steel tubing and gusset plates. 
The front fuselage carries the navigator forward, pilot 
and second pilot, and wireless operator at the rear. 
The centre fuselage is fitted with a Boulton Paul four-gun 
electrically operated upper turret, forward of which 
there is a retractable fairing which automatically drops 





176 METALLURGIA 


down when the guns are swung forward. In later aircraft 
hand-operated beam guns are fitted in addition. 

The floor is of wooden construction supported on a 
wooden structure excepting over the bomb bay, which 
extends from halfway along the front fuselage section 
to almost the end of the centre fuselage section. In the 
front fuselage the bomb bay floor is a stainless steel 
structure covered with thick light alloy sheet acting as a 
deflector plate (armour) and in the centre fuselage the 
metal bomb bay floor structure is covered with plywood. 

The front section of the fuselage is extensively glazed 
forward of the pilot, and in the nose there is an inclined, 
optically correct, Triplex penel for bomb aiming. This 
panel is hinged and forms the main entrance to the 
aircraft. An armour plate bulkhead is fitted between 
the front fuselage and front face of wing spar, with a 
folding armour plate door giving access over the spar 
to the centre fuselage. 

Bomb Doors.—There are two Lockheed hydraulically 
operated bomb doors extending the whole length of the 
bomb bay, which are made up of spruce and plywood 
formers attached to a steel tubular spar and covered with 
ply wood, 


Wings.— The wing is split into five sections as follows : 


The centre section extends from just outboard of 


each engine right through the fuselage of the aircraft, 
and consists of the main spar, leading edge and power 
unit and jianding gear mountings. The spar consists 
of four high-tensile steel square tubular booms with 
tubular shear and plan bracing. The joints are gusseted 
with large diameter bolts, ferrules and tie-rods. The 
connection of wing to fuselage is by eight large diameter 
pins, four on the tront face and four on the rear face of 
the spar. ‘Two strong ribs of steel tubular structure are 
fitted at each end of the centre section and extend 
forward to carry the main power unit pick-up points, 
At the rear end of these ribs are the main undercarriage 
pick-up points (four per undercarriage). The centre 
section covering (non-stressed) is thick plywood on top 
hetween the spar booms, light alloy nose panels, and 
plywood on the underside, over most of which there are 
large doors for removal of petrol tanks (see paragraph 9). 

Kach outer portion is bolted to the centre section by 
four special pins, each designed in such a way that it 
expands and completely fills the hole when the centre 
holt is tightened up. The outer portion structure 
consists of two spars with spruce booms reinforced with 
light alloy inserts approximately 0-5in. thick, and 
plywood webs. Steel tubular plan bracing is fitted, and 
this is assisted in taking torsion by the plywood covering 
hetween spars, of which the outer grain is at an angle 
of 45° on to the ribs. The steel tube plan bracing is 
jointed to the front and rear spars through channel 
gussets, which are high tensile steel forgings, machined 
with a vertically serrated base. These serrations, which 

bite " into the vertical outer grain of the plywood 
webs, take roughly balf the shear load between these 
channels and the spars. Standard ribs have plywood 
webs and spruce booms and are of conventional con- 
struction. Special ribs, carrying aileron hinge loads, 
are built up of square steel tube with gusseted joints 
aft of the rear spar, and have spruce booms and plywood 
webs reinforced with steel channels, between the spars, 

The detacnable portions are those parts of the wing 
extending spanwise from the side of the fuselage to the 
engine naceile, and chordwise from the rear booms of the 
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centre section spar to the trailing edge. The detachable 
portions are made up partly of conventional ply ood 
and spruce wood ribs, with ribs of steel tubular con. 
struction taking flat hinge loads. The covering is of 
plywood, and on the underside there is a large dour for 
access to hydraulic and electric accumulators. The 
detachable portion is attached to the centre section by 
single-pin joints, top and bottom, at each rib position. 

Flaps are of the slotted type with the fuselage div iding 
the port flap from starboard flap. They are operated 
and synehronised hydraulically. There are three 
positions, “* up,” * take-off,” and ** dive and land.” The 
flap hinge is set below the aerofoil surface, and con- 
struction consists of a tubular spar, ribs with plywood 
webs and spruce booms, and plywood covering. 

The ailerons are full Frise type, constructed on metal 
tubular spars located forward of the hinge, ribs with 
plywood webs and spruce booms, and plywood covering. 


Tail Plane 

The tail plane is of conventional wooden construction, 
with two spars employing spruce booms with plywood 
webs, spruce and ply ribs, and plywood covering, the 
outer grain of which is set at 45° between the spars to 
give additional torsional stiffness. It is bolted to the 
rear fuselage with two single pin joints on the front tail 
plane spar, and two adjustable links on the rear spar 
to facilitate ground adjustment of tail plane incidence 
during the prototype stage. 


Fins and Rudders 

There are two fins and rudders fitted within 18 in. 
of the tail plane tip and extending above and below the 
tail plane. The rudders have horn balances fitted top 
and bottom, and are constructed with spruce and ply- 
wood ribs mounted on a steel tubular spar with plywood 
covering. Fins have two spruce and plywood spars, with 
spruce and plywood ribs, and ply covering. An automatic 
balance tab is fitted to the upper half of the rudder, and 
a pilot-operated trimmer tab to the lower part. 


Elevators 
The elevators carry large horn balances, the latter 
being situated outboard of the fins and rudders, and 
their construction is of plywood and spruce ribs mounted 
on a tubular spar. The covering is plywood. There is a 
tab on each elevator, the trimming tab on the port and 
balance tab on the starboard. 


Undercarriage 
As previously stated, a tricycle undercarriage is fitted, 
which is designed and constructed by Lockheed, Ltd. 
The main wheels retract backwards into the engine 
nacelles, and are partially enclosed by light alloy doors 
which at their rear end fit round the lower halves of the 
wheels. The nose undercarriage also retracts backwards 
into a receptacle in the front fuselage. The whole 
undercarriage is operated hydraulically. 
Power Units 
Bristol power plants are fitted with Hercules N! 
engines. An interchangeable * basic ’’ power plant 
supplied, to which is added cowling panels, accessor) 
system peculiar to the aircraft, oil-cooler installation, 
ete., and this is bolted to the airframe by means of four 
attachment bolts situated just aft of the fireproo! 
bulkhead. Fully feathering hydromatic propellers ate 
fitted. 
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The Effect on the Hardenability of Small 

Additions of Chromium and Molybdenum 

to a Grain-Size-Controlled 0.9°/. Nickel Steel 
By W. Steven, Ph.D., A.R.T.C. 


(Messrs. William Jessop and Sons, Ltd.) 


The effect of simultaneous additions of molybdenum and chromium to a particular steel over the 
range zero to 0-6%, of molybdenum and 0-2 to 0-8% of chromium was determined by the Jominy 
end-quench method. The grain size of the steel investigated was kept as nearly as possible constant. 
The results indicate that the hardenability of these steels does not vary as the quenching temperature 


is altered from 850° to 880° C. 


or as the time of soaking at the quenching temperature is increased 


from 20 mins. to 60 mins. An equation is given which enables the hardenability of any steel within 


the range of analysis investigated to be calculated from its chemical analysis. 


This paper, which is 


published by the Iron and Steel Institute,* is reproduced here in an abridged form. 


paper, which had for its object the study, by 
means of the Jominy test, the variation in 
hardenability of a grain-size-controlled 0-9% nickel 
steel as the chromium content varied from 0-2 to 0:9% 
and as the molybdenum content varied from zero to 
)-6°%, keeping the grain size as near as possible constant. 
The steels tested were made by the crucible process 
from ingot iron ard standard alloying materials. The 
melts, which weighed approximately 60 lb. each, were 
cast into 3 in. ingots, and the grain was controlied by a 
total mould additicn cf 0-50z. of aluminium. The 
ingots were rolled to 1} in. diameter bar. 
The foundation analyses of the steels investigated lie 
within the following specification :— 


o 


0-04 


A REPORT of an investigation is given in this 


Sulphur 0-039 + 0-007 
0-10 Phosphorus ... 0-020 + 0-004 
0-04 Nickel ... 0-89 + 0-03 
By weight. 

which is represented by steel No. 1. The remaining 
steels fall into four series containing, in addition, 
0-20 = 0-01%, 0-44 40-03%, 0-65 +0-03%, and 
0-82 . 0-06% of chromium. Within each of these 
four series the molybdenum content is varied from zero 
to approximately 0-60°%. Complete analyses are given 
in Table 1. The high values of sulphur relative to those 
of phosphorus arose from the particular type of pig iron 
used for recarburisation. 

The Jominy test-pieccs were in all cases machined 
from normalised bar samples. The form of test-piece 
wed consisted of a cylinder 3fin. long x lin. 
diameter, with a flange et one end 1} in. in diameter 

Lin. thick. A hole 1 in. deep by # in. in diameter was 
drilled from the flanged end down the axis of the test- 
piece to accommodate the thermocouple used to control 
the heating before end-quenching. During the heating 
period the specimen was immersed in cast-iron turnings 
to min'mise scaling. The test-piece was heated to the 
quenching temperature in 30-40 mins. and held at 
temper.ture for a specified time before transference to 
the quenching fixture, which was of the standard type 
recommended by the Society of Automotive Engineers.' 


Carbon 
Manganese 
Silicon 


* Advance copy, December, 1945, 
is Journal, 1942, 50, Jan., p. 15, 


TARLE I.—ANALYSES OF THE STEELS TESTE 
P, Ni, Al, 





0-020 0-92 0-020 

0-016 “86 I 0-013 

0-018 *87 “2 0-015 

0-018 0-87 “3 0-011 

0-016 88 | “3 “4: 0-022 

0-019 “89 . Ni 0-018 

0-021 “89 . 0-018 

0-016 “91 “4 0-020 

0-020 “91 4 | 0-016 

0-019 *88 “44 | 0-013 

0-o19 “89 “6s } 0-013 
0-020 -90 6 O-o13 

0-021 “89 65 +2: 0-011 

0-021 “90 “63 35 0-013 

0-p21 +86 6: 0-013 
0-020 “89 } 0-018 

. 0-022 “88 0-011 
-033 | 0-021 “89 0-34 0-015 
037 0-024 0-89 0-57 0-011 


After quenching with a water jet and when the test- 
piece was cold, longitudinal flats were ground on the 
specimen 180° apart and 0-015 in. deep. This operation 
was performed with extreme care to avoid local heating, 
on a surface grinder supplied with copious water-cooling. 
The flats were finally polished on grade O emery paper 


before hardness testing. All hardness readings were 
obtained on the Vickers’ diamond hardness testing 
machine, using a 30-kg. load. 

The hardenability curves obtained from specimens 
soaked for 20 mins. at 880° C. are reproduced in Figs. 1 
to 4. The distance factor in these curves is plotted on a 
logarithmic scale and the numbers on the curves corre- 
spond to the steel numbers given in Table I. 

Curves identical within the experimental error were 
obtained when the series was repeated with the soaking 
time increased to 60 mins. Specimens of steels 1, 6, 7, 
9, 11, 15, 16 and 19 were end-quenched from 850° C. 
after 20 mins. at temperature. The curves obtained 
were the same as those obtained in the first two series 
of experiments. 

The distance from the quenched face to the point of 
inflection of the Jominy curve was taken as a measure 
of the hardenability. In most cases this could be readily 
determined visually, but, especially in the case of the 
deep-hardening steels, it was considered necessary to 
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Nos. 1 to 5. 
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of inflection by plotting distance- 
gradient graphs. Where the gradient curve indicated 
that the maximum gradient was maintained over an 
appreciable distance, the mid-point of this linear part 
of the curve was taken as the point of assessment. In 
every case the inflection point occurred at or near the 
centre of the steel part of the Jominy curve. Data 
deduced from this method of interpretation will therefore 
correspond closely to the transition zone as determined 


locate the point 


by etching and fracture tests. 
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Fig. 2.—Jominy hardenability curves for steels 
Nos. 6 to 10. 
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Jominy hardenability curves for steels 
Nos. 16 to 19. 
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Fig. 4. 


The curves published by Grossmann? and by Gross- 
mann, Asimow and Urban,’ were used to interpret these 
distances in terms of equivalent critical diameters for 
different values of Grossmann’s quenching factor H. 
The Jominy distance figures and the equivalent ideal 
critical diameters are given in Table IT. 

In order to test Grossmann’s formula* for calculating 
the equivalent diameter for an ideal quench (D = ), the 
austenitic grain sizes of the steels at the moment of 
quenching were determined. To do this a micro-surface 
prepared on the Jominy test-piece itself was etched in 
2° nital solution. The austenitic grain size was then 


measured in the “ transition zone’ where the original 


TABLE IT.—AUSTENITIC GRAIN SIZE OF THE STEELS. 


A.S.T.M. Graln Size. A.S.T.M, Grain Sie. 


Steel No, “ — - 
MeQuaid- Frot 


From Test 
Pho. Specit 


specimen, 


MeQuaid- 
Ehn 


3 imerican Lustitute of Mining and Metallurgical t 
Technical Publication No, 1437: Metals Technology, 1912, 9, June, 
3 A. Urossmann, M. Asimow and 8. F. Urban, American > 
Symposium on Hardenability of Alloy Steels, 1059, p. 124 


> M. A. Grossman. 


Metal s, 
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TABLE IV.—EQUIVALENT IDEAL CRITICAL DIAMETERS OF STEELS, 
ULAT 


CALC ATED AND DETERMINED. 


Equivalent Ideal Critical Diameter. In. 
Average Experi- 
mental Value, 


As Caleulated by 
Grossmann- 
Crafts Formula, 


As Calculated by 
Grossmann’s 
Formula, 


1-00— 
1-40 
2-00 
2-60 
3-25 


0-90. 
1-30 


naw 


* Molybdenum factor obtained by linear extrapolation of Grossmann’s curve. 


austenitic grains were clearly outlined by troostite. The 
figures obtained are given in Table III. For the sake of 
comparison, figures obtained by the standard McQuaid- 
Ehn method on small normalised sections are also 
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EXPERIMENTAL AND CALCULATED 
IDEAL CRITICAL DIAMETER, 


TABLE V.—COMPARISON OF 
VALUES FOR THE 


Ideal Critical Diameter, In. 
Steel No. : ————— — 
Difference between 
Calculated and 
Average Experi- 
mental Value, 


Calculated 
Value.* 


Experimental 


* Using the formula L Do = 2-36 Cr*Mo + 2-00 CrMo + 0-60 Mo + 1-70 
- 1-31. 


Cr + 
the shallow-hardening and high in the deeper hardening 
steels. Table IV also includes ideal critical diameters as 
valculated from Grossmann’s formula as modified by 
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the hardenabil- 
ity. The values 
obtained are 
compared in 
Table IV with 
those obtained 
experimentally. 

Grossman indicates that the multiplying factor for 
chromium varies linearly with the chromium content np 
to 0-30°, of chromium, and beyond that it depends upon 
the degree of solution of the carbides. Consequently, in 
the three series of steels of high chromium content the 
hardenability is indicated as a range. The upper limit 
of this range was calculated by using the chromium 
factor obtained by linear extrapoiation of the lower 
part of Grossmann’s curve. The lower limit was cal- 
culated by using the lowest chromium factor indicated 
by Grossmann for each particular chromium content. 

The molybder.um multiplying factor for 12 of the 
steels was obtained from Grossmann’s curve, but for 
the remaining steels containing more than 0-25% of 
molybdenum it was necessary to extrapolate this curve 
linearly. The equivalent ideal critical temperatures 
calculated by using these extrapolated factors, which are 
eluded in Table IV for the sake of completeness, are 
indicated by an asterisk and shculd not be taken into 
‘cecur! when assessing the accuracy of Grossmann’s 
sormu 

It wl be noted that the calculated values are low in 


0.65 + 0.03°, 
chromium. 


0.44 + 0.03%, 


O-S 
Molybdenum. Weight - » 


Fig. 5.—Effect of molybdenum on the ideal critical 
diameter of steels containing 0.20 + 
and 0.85 


Average experimental critics! dinwnter 


O73 O-4 Os 06 


Of 
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Fig. 6.—Effect of chromium on the 
ideal critical diameter of steels con- 
taining no molybdenum, 0.13 + 0.02°,, 
0.23 + 0.03%, 0.37 + 0.05°, and 
0.59 + 0.02°, of molybdenum. 


0.01°,, 
0.04°,, of 


Crofts.‘ On the average, these figures show a wider 
discrepancy than those obtained from Grossmann’s 
original formula. 

In order to obtain a broad view of the effect of 
chromium (Cr, weight—°/,) and molybdenum (Mo, weight- 
%,) on the hardenability of the type of steel investigated, 
the following equation was fitted to the ideal critical 
diameter values (D 2 inch) given in Table II, and shown 
in graphical form in Figs. 5 and 6. 


TABLE VI.—MOLYBDENUM AND CHROMIUM CONTENTS REQUIRED TO 
PRODUCE DESIRED HARDENABILITY, 


Ideal 
Critical 
Diameter, ) 0-4% | 0-5% | 0-6% 0-7% 

In. Cr. Cr, Cr Cr. Cr. Cr. Cr. 


Molybdenum, °%, required together with— 


0.20 0-3° 0-8° 
-« ° o 


O-06 o-oo 
O-16 
O-d O-s2 
0-63 0-48 

O-GA 


0-16 
O-3S O-26 


0-61 


o-o9o 
0-23 
0-36 
O-s0 
0-63 


1 W. Crafts, 
Technical Publication No. 


Mining and Metallurgical Engineers, 
Technolcay, 1943, 10, Jan., No, 1 


American Institute of 
1542: Vetals 
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D «© = 2-36 Cr*Mo + 2-00 CrMo + 0-60 Mo + 1-70 
Cr + 1-31 

It must be fully realised that the application of this 

equation is limited to steels of a foundation analysis 

similar to those tested, containing between 0-2°% and 


0-9%, of chromium, and between zero and 0-6% of 


molybdenum. The agreement between the experimental 
figures and the values calculated from the formula is 
shown in Table V. 

Using this equation, it is possible to calculate the 


1) « value of any steel within the specified range of 


analysis, or, conversely, the percentage of chromium 
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and molybdenum required to produce a steel possessing 
a given ideal critical diameter (D « ). Data of this naiure 
are given in Table VI. As an example of the use of this 


table, it is noted that a steel containing : 
Manganese. 
o 


Carbon, 


° 


Silicon, Nickel, 
0 oe 


0-33 0-60 = 0-20 “ 0°90 
requires 0-70°%, of chromium, or 0-60°%, of chromium + 
0-06%, of molybdenum, or 0-50% of chromium 4 
00-16%, of molybdenum, etc., to give a hardenability 
equivalent to an ideal critical diameter of 2-5in. The 
table can also be used to obtain the ideal critical diameter 
of a steel of known analysis. 


Pumps for Carbonisation Plants 


A special centrifugal design for use under difficult conditions 


N the operation of coke ovens, gas works, and other 

carbonisation plant, such as for oil shale, as well 

as oil refineries, distilleries, and various chemical 
plants, pumps are often required to operate under 
extremely difficult conditions. 

An example is in connection with coke quenching and 
the conveyance of coke in water troughs. When the 
quenching and conveying water is only used once and 
then discharged to waste ordinary pumps can _ be 
employed, but if the water is recirculated, and therefore 
contains a considerable quantity of grit and abrasive 
material pumps of special construction have to be 
installed to withstand the severe wear and tear. In 
such cases of particular value is a slurry pump made by 
the Pulsometer Engineering Co., Ltd., which is a special 
centrifugal design, the result of many years’ experience 
in this difficult work. 

A leading feature of the design is easy adjustment 
whereby the suction side-plate can be moved towards 
the impeller, thereby restoring the original clearances 
and compensating for any wear which has taken place 
This adjustment can be made from the outside of the 
pump, without dismantling any other part, and enables 
the impeller to continue in use while at the same time 
maintaining the original efficiency over a long period 
Generously rated ball- and roller-bearings also support 
the spindle, and the whole pump is of heavy and 
robust construction. 

Equally important is that various improvements in 
the design of small centrifugal pumps have made it 
possible to use them in place of the uneconomical duplex 
steam pumps hitherto standard practice for by-product 
plants. The firm have also had extensive experience 
insthe pumping of naphthalene, tar oil, creosote, benzol, 
ammoniacal liquor, lime water, solvents and wash oils, 
and other products, and are able to supply pumps 
constructed in the materials best suited for the purpose. 
For liquids containing acids also the *‘ Pulsometer- 
Doulton stoneware pump is available, which resist- 
all acids except hydrofluoric, and is suitable for tempera- 
tures up to 212° F. (100° C.). 

Under such difficult conditions a pump relying on an 
internal neck bush for the support of the spindle and 
impeller is net to be recommended, as the liquid will 
have no lubricating effect on the bush. To meet this 
difficulty, the above company has evolved a special 
bearing assembly comprising a spindle of extra large 
diameter supported in double ball- and roller-bearings 


carried in a cast-iron hood. These bearings carry the 
weight of the rotating parts.of the pump without the 
assistance of any internal bush, and the hood can be 
adapted to the whole range of end-suction centrifugal 
pumps. Consequently a pump can be selected to meet 
its particular requirements, and the internal bush 
difficulty avoided by mounting the standard casing 
and impeller on one of the special bearing assemblies. 
This two-bearing assembly also has particular advan- 
tages where the pumps have to be constructed of special 
resistant metals, since the casing and impeller only need 
to be made of such expensive metals with a protecting 
plate connected to the cast-iron hood carrying the 
bearings. 

In the treatment of naphthalene and tar oils, liquids 
have to be dealt with at very high temperatures and 
these pumps are handling tar oils at temperatures up 
to 662° F. (350° C.). Such pumps are supplied with 
water-cooled stuffing boxes and bearings which has 
eliminated packing troubles. Similar centrifugal pumps 
are also used for light tars and water containing tar 
particles, whilst connections can be provided on all 
the designs for steaming-out if necessary. 


Management and Measurement in Fuel 
Efficiency 

THE main conclusion of a recent conference was that 
management and measurement are the foundation of 
fuel efficiency. Discussing the problems of furnaces and 
furnace design, Mr. H. C. Armstrong said the first step 
is measurement ; if people can be persuaded to measure 
the fuel they are using, they soon become fuel conscious. 
Weekly returns of fuel consumption are doing a great 
deal of good by getting people to know each week what 
they are using. 

The best basis of control is the furnace-hour. Fuel per 
unit of production is the commonest way of discussing 
consumption, but fuel economy is fuel per hour. The 
greatest improvement is obtained by loading the furnace 
to the maximum extent. Where work is being done by 
six furnaces, one should try to do the work with five. 
It is important also to distinguish between thermal 
efficiency caused by good combustion and the thermal 
efficiency caused by good shop management. Another 
point stressed is the importance of the right quantity 
of air, and the saving that could be made by ensuring & 
correct air fuel ratio. 
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British Owned German Patents 
By S. T. Madeley 


Under present conditions difficulties frequently urise 
are substantially British owned. In 


enemy patents which 


regarding the position of 
this article the author 


endeavours to clarify the position and explains that such patent rights granted and 
pending are not being revoked or permanently taken over by the State. 


OMMUNICATION between the United Kingdom 
and Germany in patent matters took place to 
some extent at the beginning of the war, but is 

now practically abolished. No patent specifications have 
heen received at the Patent Office since 1939. 

Abridgments have come in, but the series is not 
complete. 

The following is an example of a German patent 
issued in 1940 :— 

No. 734391 (Lahne). Cleanser and coverer for 
melting and smelting, especially for brass, bronze 
and other copper alloys, characterised by being a 
mixture of 30°, slags, and, 60%, fire clay powder, 
5% soda, and 5% sodium chloride. 

It may well be that the owners of such a patent will 
desire to operate some corresponding British-owned 
German patent. This they will be able to do even if a 
German branch of a British company be already working. 
That such British-owned businesses are still functioning 
is known from the evidence given in the case of British 
patent No. 270555 (Pierpoint and others), wherein it was 
stated that a German company largely owned by the 
British Corporation had paid its taxes and was doing 
business. This information came through Switzeriand. 

Let us now see what is the basic German War Leg:sla- 
tion with relation to patents, with which we are chiefly 
concerned. As a side issue, and with the necessary 
modification, it extends to designs and other forms of 
industrial property. 

It will be profitable to compare the provisions of the 
Orders relating to patents, ete., issued by the German 
Government with those of the British Patents, Designs, 
Copyrights and Trade Marks (Emergency) Act, 1939, 
and the Defence Regulations of that year. 

The British Act came into force as on September 3, 
1939, but was dated the twenty-first of that month. It 
was a General Measure, no particular enemy being 
therein named. 

The German Order of September 1, 1939, was directed 
igainst no specific nation. However, in the Reichsgesetz- 
lat of February 29, 1940, there appeared an order 
dated the 26th, which concerned the protective rights 
of British subjects. 

Both general principles and departmental routine are 
dealt with in these documents. Our main attention will 
be directed to the former issue, taking them by section 
and sub-section and giving the essence thereof : 


ORDER OF SEPTEMBER 1, 1939. 

1. (1) Three months’ extension allowed for paying 
Patent Office taxes, if renewal notice delivered 
ifter Order comes into force or within a month 
f delivery takes place before it so does. 


Publication may take place after expiration of 
three months from date of decision to publish 
application, even if publication tax be not paid. 
Extra taxes for delayed payment of aforesaid 
taxes not levied until further notice, unless due 
before order came into force. 
Three months’ extension allowed for carrying 
Patent Office proceedings pending when order 
came into force. 
Further regulations as to extensions of time— 
i.e., within discretion of President of Patent 
Office. 
An applicant for a patent or a legal owner of a 
patent may apply for a further extension of 
time beyond the said three months for paying 
taxes, and fines where delay is occasioned by 
circumstances out of the ordinary. This 
extension might be allowed provided it was 
applied for betore expiration of the said respite. 
In cases where, through circumstances out of 
the ordinary, a person has had his rights 
prejudiced by being prevented from observing 
periods of time allowed by the Patent Office, he 
may have the previous position restored if he 
makes application for it. This does not apply 
to times allowed for lodging oppositions, appeals 
against grant of patent, or for filing applications 
for which a priority right can be claimed or to 
the five years’ time limit in null.ty or revocation 
cases. 
The Minister of Justice is to fix a time limit 
for an application for restoration. 
International convention priority periods pend- 
ing when the order came into force were given 
a six months’ extension. 
It will be noted that automatic extensions have been 
given in Germany. According to the British Patents, 
Designs, Copyright and ‘Trade Marks (Emergency) Act, 
1939, Section 6 gives the Comptroller-General of Patents 
power to grant extensions of time, when delay is 
occasioned by the war. Section 9 empowers the Board 
of Trade to make rules for regulating practice under the 
Act including oppositions, service of documents and time 
for performance of permissible necessary acts. Under 
the British Emergency Act no automatic extensions 
are given regarding Patent Office procedure. The 
Comptroller-General is empowered to grant such 
extensions as may seem right under the c:rcumstances 
as presented to him. 
6. Publication of a patent application may be 
delayed beyond the maximum legal term. This 
also corresponds to Section 6 of our Emergency 


Act. 
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Sections 3 to 6 only apply to nationals of 
foreign States which reciprocate. British 
patents and Patent Applications owned by 
Germans are merely lying dormant for the 
most part, and the Emergency Act, Section 4, 
permits a patent to be granted on the applica- 
tion of an enemy. Renewal fees can only be 
paid on enemy owned patents under special 
circumstances (e.g., by licences). No money 
can now be sent to Germany to pay for renewal 
fees or for patent procedure relating to German 
patents. Presumably, therefore, the same 
conditions apply in Germany to British owned 
German patents. 
Applications may be withheld from publication 
and kept secret for defence purposes. Section 6 
of our Defence Regulations, 1939, covers 
similar ground. 
Enables the Minister of Justice to make 
regulations relating to Section 8. 

Sections 9 and 10 relate to Departmental procedure. 

Section 11 deals with the dates on which the Order 
shall come in to and cease to be in force. 

Now, let us take the order concerning British-owned 
patents, etc., in Germany. 

First, we had better take Section 26 of the Order of 
January 15, 1940, relating to the treatment of enemy 
assets. ‘ 

These assets can be dealt with by the Minister of 
Justice. 

The same Minister may take reprisal measures in cases 
where an enemy state takes special measures, differing 
from those it applies to its own nationals, relating to 
industrial property rights and copyrights valid in the 
territory of that state and owned by Germans or German 
concerns or when it takes special steps adverse to the 
acquisition thereof by such parties. 

Now to proceed with the Order of February 26 :— 

1. (1) Interested parties may obtain the right of use 

of British-owned German patents even if a third 

party has an exclusive right of user thereof. 
2. A user of the patent on another legal ground can 
obtain a right of user under Sub-section (1). 
These correspond pretty well to Sections 2 and | of our 
Emergency Acts. 

3. Grant of patents may be suspended when British 
subjects are the applicants. This is the same ground 
as Section 4 of our aforesaid Act. 

. When British subjects are co-propfietors or co- 
applicants, Germans can obtain the right of user as 
in Sections 1 to 3. Sections 1, 2 and 4 of our 
Emergency Act appear to cover the same grounds 
as the above. 

. Where a British subject has assigned his German 
patent rights in an attempt to avoid the provisions 
of Sections | to 3, those sections still apply. 

}. Subjects of the Colonies, Dependencies, etc., are 
specifically included in the term British subjects. 

. (1) Royalties under Sections | to 3 are determined 
by the President of the Patent Office. This also 
is covered by Sections | and 2 of our Emergency 
Act. 

(2) The orders have retrospective force. The word- 
ing of our Act also covers this. 
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8. Relates to procedure on application for the «fore. 
said rights as to user. 
9 and 10 concerns the rights of patentees, etc.. to be 
heard in evidence. 
Our Statutory Rules and Orders No. 1375, of 1939. 
deal with similar matters. 


11. Makes final the decision of the President of the 
Patent Office under Sections | and 2. 


12. Gives the President of the Patent Office power to 
decide what payments are to be made to the State 
under his orders. 

In our case payments of royalties under emergency 
licences are also made to the Government (i.c., the 
Custodian of Enemy Property). 

13. Appoints a day for the Order to come into force 

and establishes its manner of going out of force. 

There is a remarkable likeness between the two 
procedures in essence. 

In the United Kingdom, non-exclusive emergency 
licences are comparatively easy to obtain, whilst 
exclusive ones of a like nature are difficult to get. Both 
depend on the capacity of the applicant “ to deliver the 
goods.”” They are not granted as documents to be added 
to a portfolio and there left without productive result. 
It is to be expected, therefore, that in Germany much 
the same use will be made of British owned German 
patents as is here the case “the other way round.” 
The great point to notice is that British-owned German 
patent rights granted and pending are not being revoked 
or permanently taken over by the State. They may be 
subject, in fact, to Emergency licences or just suspended. 

A fund is, no doubt, being built up on the royalties 
obtained from these patents, which will be used for 
bargaining purposes after the war. At the end of the 
last war a joint Board of British and German repre- 
sentatives set off the two corresponding funds, and we 
were the gainers to a small extent. It is believed, 
however, that there is much more British property 
under German control than vice versa. 


Principal of Brown-Firth Research 
Laboratories 


Ir is announced that Dr. C. Sykes, F.R.S., has been 
appointed to succeed the late Dr. W. H. Hatfield as 
principal of the Brown-Firth Research Laboratories and 
technical adviser to the Firth- Brown group of companies, 
and will take up his new appointment on March lI. 

Dr. Sykes was formerly with Metropolitan-Vickers 
Electrical Co., Ltd. In March, 1940, he succeeded 
Dr. C. H. Dasch as superintendent of the Metallurgy 
Department of the National Physical Laboratory. He 
is also superintendent of the Terminal Ballistics Branch 
of the Armament Research Department, and an arrange- 
ment has been made whereby his services will be made 
available to the Ministry of Supply, thus permitting him 
to continue to act in this capacity. 


The late Dr. W. H. Hatfield, F.R.S., technical director 
of Thos. Firth and John Brown, Ltd., and director of 
Firth-Vickers Stainless Steels, Ltd., a vice-president ot 
the Iron and Steel Institute and a member of the Iron 
and Steel Rerearch Council, left £26,116 gross (net 
personalty, £16,252). 
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Latest Spitfires of a Fighter Squadron in flight. 





EXT year, aluminium will reach a centenary ; it 


The vital importance of metallic materials in wartime is well known, the quantity of supplies available, 
and the ability to make the best possible use of them, determine the extent to which a country can wage 
war, whether in defence or attack. The present war is no exception ; indeed, the demand for metallic 
materials has far exceeded what at one time was considered possible, and the metallurgical industries 
deserve credit for the manner in which they have responded to the demand contributing to the 
growing might of Britain. It is not possible to determine the relative importance of the materials, 
but in this section attention is especially directed to aluminium. Confined almost entirely to aircraft 
engine and frame construction, its alloys have been submitted to the severest tests in this new arm 
of the Forces, which, whether used independently or in support of land or naval Forces, have supplied 
tremendous power. Technical progress in the working of these alloys has been very considerable, and 
though much valuable information cannot yet be revealed, this section presents an informative picture 
of aluminium at war which indicates tremendous possibilities for this material in post-war production 
in practically every section of industry. 


policy was followed here. 


| do not intend, however, to 


will be just 100 years since Wohler first produced 

a malleable bead of the metal, but if this 
centenary coincides, as we all hope it will, with Victory, 
it will bring with it problems for the aluminium industry 
far greater than any it has had to face before. 

The commercial production of aluminium in this 
country may be said to date from 1858, when the first 
aluminium works was established in this country at 
Battersea by F. W. Gerhard. Upon this, and also upon 
the fact that the British Aluminium Co. was among the 
very first producers of aluminium by the Hall-Hérault 
electrolytic process, this country may claim to have one 
of th- iongest established aluminium industries in the 
world 

Alnost from the start, the expansion of aluminium 
produ: tion in this country has been steady, but com- 
paratively unspectacular. While, in other countries 
outpu’ increased rapidly, a slow and deliberate expansion 


seek reasons for, or to criticise this policy, 
1938 had brought us to ninth place in the list of the 
world’s aluminium producers while ranking third among 
consumers. ‘There were difficulties: Nature has not 
provided us with high-quality bauxite, and our water- 
power resources are severely limited. Then there was 
the powerful international cartel, with its control of 
production and prices. This “ safety-first ’’ policy even 
had advantages for the producers, since, with imports 
providing a substantial proportion of our consumption in 
good times, they provided a buffer to absorb the major 
impact of the depression, leaving home production 
comparatively unaffected when world aluminium pro- 
duction slumped. 


The Aluminium Alloy Fabricating Industry 


I mention these facts chiefly to heighten the contrast 
of the rapid and vigorous expansion of the aluminium 





alloy fabricating industry in this country. This industry, 
young in comparison with the producing industry, was 


at the time of the outbreak of war the third largest of 


its kind in the world. The light alloy industry, based 
from the very beginning on scientific research, grew out 
of the work of metallurgical scientists in the discovery 
of the effects of alloying soft aluminium with other 
metals to produce strong light alloys which gave new 
life to engineering development. It introduced a new 
principle into the metal industry—that of absolute 
scientific control. Like the other new industries with 
which it was so closely allied, the aircraft and automobile 
industries, it had to go much nearer to the danger limit 
than bad ever been done in production before ; for 
instance, temperature variations of 1°, become of vital 
importance financially. Only the finest equipment, the 
most delicate instruments, the most careful control, 
could enable such delicately balanced production 
practices to be operated on a successful commercial 
s¢( ale. 

Born of scientific research, nursed by close technical 
control, this industry grew up to accept these things as a 
natural part of its existence, and from its research 
laboratories, growing rapidly with the industry, came a 
steady stream of improved alloys and techniques to fulfil 
the ever-increasing demands of the engineers for stronger 
and still stronger light alloys to enable them to build 
more powerful engines and lighter and stronger air- 
frames. ‘lhe British aluminium alloy industry may 
justly claim, | think, a share in the tributes which have 
come from friend and foe to the fine aircraft which the 
R.A.F. have used so magnificently in this war. 

On the side of production the industry may also take 
some pride in its achievements. Up to the years imme- 
diately preceding the war, it had grown rapidly enough 
to fulfil all the requirements of the aircraft and other 
industries for its products. In 1937 and 1938, leaders 
of the industry on their periodic visits to Germany and 
other European countries saw things which apparently 
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had been hidden from diplomatic eyes, but which could 
not be concealed from their expert view. They saw the 
rapid growth of aircraft component manufacture and 
assessed the output potential of the vast machine which 
is now revealed to all. They were aware of the Govern- 
ment’s “shadow factory ” scheme for increasing air- 
craft production, but they pointed out that aero-engines 
required stampings and pressings, and air-frames, sheet 
and extrusions. They urged upon the Government the 
vital necessity for building up the light alloy industry 
without any delay—they pointed out that presses, rolls, 
and drop-stamps take time to manufacture and instal, 
and that without them no aeroplanes could fly ; however, 
many aircraft shadow factories were equipped in a panic 
expansion programme. 

These pleas for action were not widely successful, and 
at least one exasperated industrialist took the matter 
into his own hands, and his company—entirely at its own 
risk and without any Government assistance—duplicated 
its plant on a site far removed from its original works 
which at the time were quite capable of dealing with the 
demand for its products. This private venture proved 
timely indeed, for the new factory was completed almost 
at the same time as war broke out. 


Position at the Outbreak of War 

War found this country with a fairly large light alloy 
fabricating industry, adequate in most branches to cope 
with the aircraft production programme, but with a 
domestic production of primary aluminium far below 
requirements. Looking back now, it is almost un- 
believable that, so far as I know, no really vigorous 
attempt was made by the Government before the wat 
to increase aluminium output by the. development of 
new processes using domestic raw materials and thermal 
instead of water-power. Such developments as were 
made in this direction were entirely private vent'es, 
and then only on a comparatively small scale. Instead 
the war found us dependent on imports for the bu! of 
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our requirements, and even this source was limited. 
Frantic efforts were made to ensure supplies. The 
Government advanced capital to Canadian and US. 
companies to enable them to increase their outputs in 
order to supply us. 

For a time a gap loomed in our resources, and there 
came the spectacular appeals for pots and pans, but one 
of the largest factors which enabled that gap to be 
bridged was again the foresight of private enterprise— 
this time of the secondary metal refiners. They too had 
read the writing on the wall, and at very great risk to their 
financial stability had built up vast stores of material 
equivalent to a whole year’s supply of aluminium in 
pre-war times. With not a penny profit they threw into 
the pool this huge reserve of material which, if their 
fears had not been realised, would have taken years to 
dispose of in normal markets. 

As usual, we “ muddled through.”’ Supplies of alu- 
minium, although they reached alarmingly small pro- 
portions at times, never completely dried up, and in 
due course the great new plants in the New World came 
into production to settle the question. 

Fabricated *components, however, could not be 
imported, and complete aircraft were not available in 
sufficient quantity from overseas. Due, however, to the 
foresight of the few in increasing capacity and in the 
detailed planning of further expansion, the fabricating 
industry managed to keep abreast of aircraft production 
programmes despite the fact that their equipment was 
generally more costly in man-hours and more difficult 
to instal. 

A further repercussion of the lack of adequate supplies 
of domestic aluminium was the total elimination of all 
non-aircraft uses of aluminium. Before the war, great 
progress had been made in the application of aluminium 
alloys to vehicles and some good applications had been 
tried out on military weapons with great success. Thus, 
the Army was prevented from exploiting the tremendous 
advantages of lightness in vehicles, weapons and 
equipment. 


As things worked out, the situation of primary 
alum'nium supplies has latterly been fairly satisfactory. 


The loss of the French bauxite supplies, the time so 
unexpectedly granted us which enabled the great new 
producing plants in Canada and the U.S.A. to change 
the whole balance of world aluminium production, the 
failure of the ‘‘ U-boat campaign, all are factors to 
justify the policy of dependence on overseas supplies of 
aluminium, but one cannot believe that those responsible 
for this policy before the war could have visualised this 
succession of events which was eventually to vindicate 
their policy. Overlooking the possibility of producing 
aluminium entirely from domestic raw materials in this 
country, the situation worked itself out well enough as 
far as wartime supplies are concerned. The effect on the 
industry after the war is another matter which I shall 
deal with later. 


Wartime Developments 


It is not possible at the present time to mention some 
of the most important contributions of the fabricating 
industry to the war effort. It is permissible to refer only 
in the most general terms to the great new plants which 
were built in record time, to the complete reorganisation 
of technique and methods, to the new materials developed 
for special purposes, to the huge job of training unskilled 
labour to perform highly skilled jobs, to the great part 
played by the secondary metal refiners. 

The first and most important job was to increase 
output and keep on increasing it. This involved great 
extensions to existing plants, and the building of new 
plants in widely separated parts of the country—the 
necessity for dispersal being an important factor adding 
to the many difficulties of managements. In spite of the 
difficulties of supply, “ blackout ’’ and labour shortage, 
new plants were built, equipped and brought into opera- 
tion in phenomenally short times, and records were 
established which owed not a little to the experience 
gained in planning the expansion by private enterprise 
before the war to which I have already referred. 

Parallel with this great expansion of plant there was 
carried out a great training programme. Shop assistants, 
salesmen, housewives received intensive training in all 
branches of the industry. In moulding and coremaking, 
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press and drop-stamp operations, inspection, and even 
die-sinking. Jobs which had been carried out by highly 
skilled men after many years of apprenticeshlp were 
performed by boys direct from school, and this was 
achieved partly by training, partly by careful insti uction 
and close supervision by the skilled craftsmen—who 
overnight became key men of the industry—by the great 
attention given to mechanical handling and by the 
breaking down of each intiicate operation into several 
more simple ones. 

The first sight of one of these great new plants comes 
as something of a shock to one who knew the industry 
in its less prosperous days before the war, who knew the 
smoky, sweltering atmosphere of the dark old foundries, 
the black coating of soot and oil, and the acrid fumes of 
the pre-war forge, and the magnificent skill of the real 
craftsman metal worker, kneading hot metal into fine 
and beautiful shapes, oblivious of the inferno around 
him. His first impression is of lofty, light and airy 
shops, of brightly coloured machinery, of an almost 
complete substitution of human by mechanical power ; 
only the noise remains to remind him of the old days. 
Even more surprising to him is the sight of girls in 
brightly coloured blouses and slacks tapping the great 
new furnaces and pouring the shining metal from large 
electrically operated ladles into orderly rows of ingot 
moulds. In the forge more shocks confronted him. 
Teams of semi-skilled workers, among them teen-aged 
boys stamping out the largest aero-engine components 
under massive 25-ton drop hammers, operating 3,000-ton 
hydraulic presses, doing jobs, in fact, that before the war 
were entiusted only to men who had spent a lifetime in 
the forge shops of the Midlands. He sees row upon row 
of presses operated by women who, but a few months 
before, had never heard of such machines, and he sees 
ex-chauffeurs and gardeners forging intricate shapes 
under the rapid impact of pneumatic hammers. He sees 
youths and old men hewing dies from great blocks of 
alloy steel, and in the control laboratories girls who never 
worked before, carrying out the precise operations of 
spectrographic and chemical analysis, tensile testing and 
X-ray inspection. 

All through the period of rapidly expanding output 
the same high standard of quality for which the British 
aluminium industry is famed had to be maintained and 
was maintained by the fine team work and splendid 
‘ give-and-take " collaboration between planning and 
production engineers and metallurgists. Great changes 
had to be made in manufacturing methods, procedures 
based on years of cautiously acquired experiences were 
altered overnight in the race for production—there was 
little time for experiment and great responsibilities were 
willingly accepted on both sides for changes based on 
urgent necessity instead of practical experience. That 
quality did not suffer, that few projects met with failure 
is proof of the great fund of metallurgical knowledge and 
experience built up in the industry by its long adherence 
to its policy of scientific research and control. 

Then as production got into its stride there was super- 
imposed the demand for even higher quality and for 
increased strength at atmospheric and elevated tempera- 
tures to enable higher performance to be achieved from 
fighting airer: ft. The industry, still in the throes of 
expansion, intensified its research activities and without 
interference with production, alloy compositions were 
modified, new alloys were developed, and improved 
methods of casting, working, heat-treatment end control 
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were evolved and introduced into production smoot 
without any break in the continuous expansion. 

One of the many great achievements of the expansiou 
period was the revolutionary change in the policy of 
utilisation of secondary material. I have alresdy 
referred to the financial risks taken by the secondary 
metal refiners in building up the stocks of material 
which became such a vital factor in the supply of alu- 
minium to the fabricating industry in the early days 
of the war. In addition, the technique of transforming 
scrap of all kinds, from sawdust to crashed aircraft, into 
high-quality material of closely controlled composition, 
made tremendous advances, and the light alloy industry 
found that it could employ for many components pro- 
portions of secondary to virgin material that were 
unheard of in high quality production before the war. 
Here again collaboration was a major contributory factor. 
The users of light alloys undertook the segregation of 
their scrap according to specification, thus removing 
much of the tedious work of sorting and blending for 
remelting, the secondary manufacturers multiplied their 
plant and instituted the closest control and supervision 
at all stages in their refining processes, and the light 
alloy founders and fabricators studied the effects of 
increasing proportions of secondary on the quality of 
their products and evolved safe limits not only for their 
output generally, but for individual processes and 
components. To-day the amount of material wasted 
has been reduced to a trifling figure, and almost a third 
of the country’s requirements for aluminium alloys is 
supplied from secondary metal. 

In addition to these great problems of production and 
quality, the managements of the industry had other 
great problems to tace—among them finance, supplies, 
priorities, labour, bombing, dispersal, and so on—and in 
spite of the heavy demands on its limited numbers of 
experienced executives and technicians it was able to 
provide experts, first to organise and then to operate 
the Light Alloy Controls, whose excellent work, which 
has won the admiration of American executives, played 
a most important part in securing the smooth supply 
of raw materials to the industry and the proper alloca- 
tion of its output, thus preventing the unorganised 
scramble for materials which, as we have seen elsewhere, 
might otherwise seriously have interfered with pro- 
duction. 

These are but a few of the many contributions which 
the tight alloy industry has made to the way effort. That 
it has sueceeded in supplying the country’s largest war 
industry with all its requirements while still improving 
on the quality for which it is famed throughout the 
world is evidenced by the ever-growing might and high 
technica! efficiency of the Royal Air Force. 


The Post-war Position 

Before the war this country had the third largest 
light alloy fabricating industry in the world, and in an 
expanding world market was able to maintain itself 
steadily in that position in spite of its dependence on 
overseas supplies tor the major proportion ot its require- 
ments of primary aluminium. Now, as a result of the 
vast wartime increase in fabricating plants, this industry 
will have the opportunity of becoming second only to 
that of the United States and supreme in the Eastern 
Hemisphere, but we shall be even more dependent upon 
overseas supplies of raw material. We shall, therefore, 
depend to a very large extent on the attitude taken by 
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the Canadian aluminium producers. With their great 
capacity for producing half a million tons of aluminium 
per year exceeded only by the million-ton U.S. capacity, 
the Canadian industry can decide on one of two alter- 
natives. On the one hand, they might decide to follow 
the line of development of the Aluminium Company of 
America and build up their own fabricating industry 
on a very large scale, and of course they would be able, 
it competition warranted such a step, to supply their 
fabricating plants at preferential prices. The other 
alternative, and the one they may very well decide upon, 
is to fabricate in Canada only those components and 
semi-manufactures required by Canadian industry and 
confine their export activities to virgin aluminium to be 
alloyed and fabricated in the large and highly developed 
existing plants, such as those now standing in this 
country. 

Should they decide upon the latter course, which I 
helieve would be the better course for them to follow, 
the British light alloy fabricating industry would be 
capable of absorbing the bulk of the Canadian output 
and the combination of low price at which Canada can 
produce aluminium and the highly efficient and 
technically famed British fabricating industry should 
provi'e ideal conditions under which both industries 
would continue to thrive. The other course can lead 
only wasteful competition in a race between the 
Yanad.an industry in building up a new fabricating 
indus: and this country is making every effort to 
luild op new aluminium producing plants. 


If these conditions are met and our supplies of alu- 
minium at as low a price as is reasonable are assured, 
then the stage will be set for complete utilisation of 
plant and men of both Canadian and British industries, 
* providing that markets can be found outside the aircraft 
industry for a large proportion of this greatly increased 
output. Just how far this market can be developed, 
especially in the critical years between the end of the war 
and the time when aluminium and its alloys will have 
settled down in their natural place among the other 
industrial materials, will depend very much on the 
action taken by the Government. 

The Government must be made to realise that the 
light alloy industry is potentially a very large user of 
labour capable of providing interesting, well-paid jobs 
for men and women of a very wide range of intelligence 
and education. It is a growing, vigorous industry, with 
a strong appeal to youth, to whom it offers very attractive 
openings for craftsmanship, scientific research, and 
development and administration. If this country is to 
maintain such an industry, and in all conscience we do 
need new industries and new jobs of this kind, then it 
must offer encouragement in the first critical post-war 
years. 

The industry does not ask to be spoon fed by subsidies, 
but it must demand its fair share of the work which 
the Government will undertake after the war in recon- 
struction. It will not demand that aluminium should be 
used where it has no advantages to offer, but its con- 
sidered claims based on technical knowledge not equalled 
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in many other industries should receive the most careful 
attention of the authorities. Aluminium alloys have 
vreat advantages to offer: Lightness, strength, re- 
sistance to corrosion, all these are vital factors in all 
branches of engineering, architecture, transport, packing, 
chemical and food industries, and, in fact, in all branches 
of the manufacturing industries 

Governmental action in the way of legislation can do 
much to secure really advantageous increases in the use 
of light alloys For instance, revised legislation on 


transport generally could be framed in such a way as to 
; h P 


encourage the lightening of vehicles and so increase 
efficiency and reduce wear and tear and at the same 
time provide fresh encouragement for the use of light 
alloys. Carriage by weight and not by the ancient 
method of gallonage tor liquid should also be imposed. 


Up to the outbreak of war the huge potential field of 


applications for light alloys had been touched only at 
its fringe. After some spectacular mis-applications in 
the early days the industry felt its way forward with 
careful attention to each new application, and in doing 
so grew rapidly on the firm foundation of proven suit- 
ability for each new set of conditions. Its great con- 
tribution to the war effort bas upset that progress, and 
new applications have to be found with little time for 
‘trial anc error” proving, but much can be done in the 
laboratory and in prototype development, and I do 
consider that the Government should acknowledge the 
contributions of the industry and its great value to the 
country in the future by allowing it now to undertake 
a limited amount of research and development work on 
post-war applications. 

Given this riodest amount of encouragement and with 
supplies assured, | am confident that the British light 
alloy fabricatir g industry will be in an excellent position 
to utilise its full wartime capacity to enter the world’s 
markets on very favourable terms. With its high 


reputation for quality, its equipment and skill unequalled 
on this side of the Atlantic, it would indeed be in a very 
strong position. 


Welding Aluminium and its Alloys 
The Electric-Arc Process 

THe technique of welding aluminium by the electric-are 
process differs from that used in the welding of mild 
steel, and notes for the guidance of those interested 
in the welding of wrought aluminium and aluminium 
alloy castings have been prepared and are contained ina 
folder recently issued by Murex Welding Processes, Ltd. 
The principal advantages claimed for the metallic are 
process for welding aluminium are greater speed of 
welding and reduced distortion. It is generally known 
that the heat-affected zone immediately adjacent to the 
weld is highly susceptible to corrosion, and are welding 
is claimed to localise this bheat-affected zone. 

Information is given in these notes on suitable 
electrodes and their storage; the preparation of edges 
and setting up of parts to be welded : preheating : the 
welding operation and subsequent finish. Data are also 
given of the gauge of electrodes, current range and 
recommended plate gap for various thicknesses. 

Copies of these notes are available on application to 
Murex Welding Processes, Ltd., Hertford Road, Waltham 
Cross, Herts. 
Sir WituiaM J. Larke, K.B.E., has endowed a fund to 
enable the Council of the Institute of Welding to offer 
for competition each yeat a bronze medal for the best 
paper on the practical aspects of welding submitted In 
accordance with the regulations in force. The Council 
have resolved that this medal shall be known as the 
“ Sir William J. Larke Medal ” and the first competi'1on 
shall be held in 1944, 
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The British Aluminium Industry in 
War- lime 


By 


George 


(British Aluminium Co.., 


Mortimer 
Lid.) 


Although at the outbreak of war a live aluminium industry was functioning in this country ard 
successfully meeting the demands of normal peuce-time activities, the change for peace to war 


conditions presented great difficulties. 


That these difficulties were overcome and production vastly 


increased to meet the much greater demands of war is due largely to the manner in which the whole 
industry was organised, to the nucleus of experts available, and to the excellent manner in which 
inexperienced operators were trained to convert the metal into the various forms for application on 
the production lines. In this article the author presents a brief cutline of the industry’s contribution ; 
it provides an engrossing story of an industry faced with apparent impossibilities, but which won 
through in a most praiseworthy fashion. The author naturally hints at the possibilities of the industry 


when peace returns ; 


after the severe service suitable aluminium alloys have successfully withstood 


under war conditions, the position of the industry should then be assured. 


HE present war differs from others in history in 

many directions, and in none more strikingly 

than in the key position so rapidly acquired by 
the metal aluminium. The reason is two-fold. First, 
the employment of the aeroplane as a weapon of war 
has seen its most phenomenal development during the 
present hostilities. Secondly, the basic design of air- 
craft has undergone a profound change during the past 
decade. In place of the timber, steel-braced, fabric- 
covered framework of the 1914-18 plane, we have the 
“stressed-skin construction, the lobster claw, com- 
bined with the herring bone. In other words, the covering 
of the wings and hulls provides much of the strength, 
and the light alloys, by reason of their excellent strength, 
weight ratio, are peculiarly well adapted to this class 
of structure. 

These two factors alone account for the severe 
restrictions on the use of the metal aluminium for normal 
peace-time purposes, the great extensions in production 
and fabrication facilities, and the expansion and efficient 
control of the secondary metal industry. 

During the dark days of late 1939 we were fortunate 


in that, owing to the vision and the lifetime’s work of 


a handful of specialists, we had in this country a live and 
extensive aluminium industry, with its fine alumina and 
reduction factories, foundiies, forges, rolling and 
extiusion plants, tube, foil, powder and wire mills, 
embracing every stage fiom the ore to the highly finished 
product. This great nucleus branched rapidly into 
humeious extensions equipped on the most modern 
lines. It provided from its accumulated skill and experi- 
ence not only the executive personnel for so great an 
expansion, but also the staffs of the several controls set 
up to guide the activities of the industry, thus ensuring 
that the control personnel knew what they were con- 
trolling, and why. 

Within a few hours of the opening of hostilities the 
contro! set up by the Ministry of Supply sent out its 
list order, limiting the movement of any aluminium 
to thos» in possession of a licence to do so. Subsequent 
orders, and the licence system involved, aimed at the 
Progressive restriction of all civil uses of aluminium to 
those tew essential cases in which no substitute was 
plactic.ble. Geneally speaking, all virgin metal was, 
OM pri: -iple, earmarked for aircraft; a wide range of 


Service uses was either cut out or diverted to specifica- 
tions of a lower grade, and the public was asked to 
contribute any domestic articles of aluminium which 
could reasonably be spared. This remarkable change- 
over, affecting so many in the community, took place 
with surprising smoothness considering the wide variety 
of industries more or less vitally affected, and consider- 
able credit is due to the users themselves for the degree 
of co-operation encountered. 

After the ‘‘ Battle of Britain ’’ the piled wreckage of 
enemy planes and the growing accumulation of domestic 
scrap and of factory discard called for awider organisation 
than was provided by the existing group of licensed 
dealers and smelters of secondary metals. The Control 
had by then come under the Ministry of Aircraft Produc- 
tion, and it set up a special department to take care of 
the segregation, the collection, the melting, blending 
and distribution of secondary materials. New secondary 
smelting plants were built, in most cases under the 


Reflectors in searchlights ; one of the few purposes for 
which high-grade aluminium is permitted. 

















S.C.A, transmission tower with 33 K.V. 
line and earth conductors in aluminium 
reinforced with steel. 


management of existing experts in the industry who 
knew their job, but in all cases wisely dispersed in respect 
of bombing possibilities, and with an eye to avoiding 
unnecessary transport. 

Since the great bulk of the scrap accruing was 
Duralumin, the Control issued two useful secondary 
specifications for light alloy castings, the main component 
of which was Duralumin scrap. They were D.T.D. 424, 
for general purposes, crankcases, gear- 
boxes, ete., 
pistons. Both of these alloys have come into wide use, 
a use likely to continue long after this war ends, in place 
of many familiar pre-war specifications for casting 
alloy Ss. 


engineering 


All of these active measures alleviated the aluminium 
supply position, to the extent that they gained us 
valuable time, Stocks built up by the Government prior 
to the war materially assisted to that end. It would be 
idle, however, to pretend that this country standing 
alone, even with a rapidly expanded production capacity, 
could have met its commitments for the enormous air- 
craft programme. As will be later, the aircraft 
programme was by no means the only need to be met. 
The occupation of France had cut off help from that 
source and from Switzerland. The occupation ot Norway 
had brought several of our own reduction plants under 
control of the enemy. The outlook was not reassuring. 

It is largely to the shipments from Canada that we 
owe our present relatively comfortable supply position. 
Not only were impressive shipments of virgin metal 
soon on the way, but big extensions to the Canadian 
producers’ plants were put in hand in addition to sub- 
stantial increases in domestic production, limited as 
always by the availability of developed power. It is 


seen 
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been extensively used. 


difficult to over-estimate the vital value of the assistance 
forthcoming from the other side of the Atlantic, or to 
exaggerate the friendship and vigour with which that 
help was implemented. 

Aluminium in its commercially pure state, so frequently 
encountered during the last war in aircraft cowlings and 
fairings, in the radiators of Lewis guns and the tips of 
bullets, etc., has virtually disappeared in favour of 
alloys during the present struggle. The chief uses of the 
pure metal now are seen in chemical plant, in electric 
cables for the grid, in mirrors for searchlights, and the 
reflectors of aircraft landing lights. In these latter 
applications the naturally high reflecting powers of the 
metal are fixed by an anodising process known as 
“ Brytal,” a process likely to find wide application in 
post-war years in motor headlamps, and in the reflectors 
used for street lighting and so on. 

But the bulk of the metal is used for war purposes 
in the alloyed condition, and for convenience the alloys 
may be grouped into three main classes : 

(a) Wrought alloys, medium strength. 
(6) Wrought alloys, strong. 
(c) Casting alloys. 


Medium Strength Alloys 

The tensile strength of these ranges from about 
12 to 20 tons per sq. in., and their uses cover that wide 
field in which good forming properties are needed, with 
good resistance to corrosion, and an adequate strength 
for the job in hand. Several of these medium-strength 
alloys are susceptible to heat-treatment, but the main 
object in using them is usually to take advantage of the 
properties attained by simple cold-work, and avoidance 
of the heat-treatment operation. 

Those in current use on any scale in this country 
are tabulated in Table I below. In some cases, as in 
the 14° manganese alloy, the strength exceeds that of 
pure aluminium in similar state by about 25% only. 
The continued popularity of such alloys hangs on ease 
of forming for a given result, plus an ability to stand up 
to vibrational stresses, or special forms of corrosion, of 
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-In the high-strength class the staple constructional 
material is Duralumin. Discovered more or less 
accidentally by Wilm in 1906, during an investigation 
into materials suitable for Zeppelin construction, 
Duralumin has stimulated a vast amount of scientific 
research during the ensuing 38 years in regard to the 
mechanism which brings about so surprising a strength 
after a simple heat-treatment and quenching. The 
exact explanation has yet to be agreed between scientists, 
and in the meantime Duralumin has become a household 
word with all engineers interested in high strength with 
light weight. Not only is this material, in its modern 
















































One of 22 ‘‘ Birmabright’’ lifeboats 

designed by I. R. Fleming and Co., Ltd., 

for the 36,000-ton Holland- American 
liner ‘‘ Nieuw,’’ Amsterdam. 


a combination of several such factors, 
rather better than the pure metal. Ail 
of the alloys tabulated are extensively 
used in the form of sheet, strip, tube, 
etc., and those containing magnesium 
and manganese (e.g., Birmabright) were 
used prior to the war in such searching 
applications as ship’s lifeboats, because 
of an inherent resistance to the action 
of sea-water. The choice between one 
or the other is the usual compromise 
between what will stand up to the 
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stresses imposed, and what can be Light metal fuses in free-cutting alloy. 
manipulated into the desired shape in 
the minimum of time and cost. and more-refined versions, a staple constructional 


material, it is also completely stable in service, a point 
= often queried by engineers not accustomed to using it. 


TABLE I.—MEDIUM STRENGTH ALLOYS. 


specifi ‘Teme | Patealt The stiength is roughly that of mild steel, at a third 
tion. Composition . ‘Temper. Strength, Elongation. | Hardness of the weight. 

er cess ee ca Of the several modifications of this class of material 

D.2138 | 1-25%Mn | Bolt | 6-0-7-5 | 22-0-85-0 | 27-33 developed since Wilm’s happy discovery, one of the most 

Hard | 11-75 mins.) 2-0—10-0 | 44 mins, useful is Alclad or Aldural, in which a core of bhigh- 

Mt 1-3¢ Me, soft | 11-0-13-0 | 12-0-30-0| 42-48 strength Duralumin is coated with a layer of high-purity 

1-0% Mn | Half-hard | 14-0—16-0 | 2-0— 9-0 | 63—73 aluminium. This has much the effect of galvanising 


Hard 16-0 mins, - 7-0 70—80 


steel sheet : the slight potential difference between core 
and coating protects the core against corrosion, and this 


Soft 12 -0—14-0) 20-0—30-0 10—50 





Half-hbard 16-0—17°-5 $-0—12-0 65—75 
Hard | 17-5 mins. | 2-0—10-0 | 80—90 protective influence is effective even when the coating 
ut 33% Mg, Soft 14-0—16-0 | 22-0-26-0 | 58-64 suffers minor abrasions. 
0-5° Mn alf-harx 7° 4) - 7° 9. = — + ~ . ° 
Oe Se ae ee 2c cel ae The forms of Duralumin in common use are scheduled 


in Table II]. The heat-treatment is a relatively simple 












Votes BA, 60A, NA. 38, Hiduminium 15. - S a 
BA, 20, NA. 48, process, set out in the appropriate specifications. The 
BA. 26, NA. 575 . . : 
hae Fr Rirosateiatet. metal is heated to a given temperature long enough to 
Eee as quoted an mannight IL, Hiuminium 3324. ensure that all parts are stabilised at that temperature. 
t Tol es CUuote: ure or lmodngch . Ld 4 
+ J edium-strength alloys quoted in Table I are all used extensively It 18 then quenched m cold water. Immediately after 
— sheet, strip, tube, ete. ‘The 1-25% Mn alloy is not as strong as the quenching the metal is still soft, and can be worked into 
— the same time is a very useful alloy for medium-strength pressings : . ys . + 
ad sheet ~ork in general, is easily welded, and is suitable for anodic treatment Intricate shaves. Within a few hours at room tempera- 
a. }%Mn alloy is extensively used for pressings, and is a suitable CULES It grows notably harder, with no loss in elongation, 
2-5 By! ee Ag eye etoceg to sequined. and by the end of four days the properties approach 
. ‘ Hoy and 3-119, Mq@-1-25% Mn Alloys.— se alloys are ™ ° 7 " . 
to want types of sheet-metal work. Reing srenger they me mate difficult those of mild steel. 7 he soft state after quenching may 
» work “ ‘ = = - . ° ° . 
weld 1; they are equally suitable for press-work, but more difficult t he retained bv storing at low temperature, a point used 


n be anodised by all the anodic processes. 7 ° ° . . “1; HY 
75% Mn-1-5%, Fe Alloy. Although all the medium-strength alloys jp connection with the issue of the millions of rivets 
to corrosion, this alloy is particularly good and is recem- 


in marine work, Aredises very well. used in aircraft construction. 
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performance developed in Duralumin itself, but several 
interesting and useful variations have been developed to 
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Propertic maturity in this country, and those used to an important 
emanal’ ack extent in the war effort are listed in Table ITI herewith. 
rer Proof Research is producing several alloys offering much higher 
Speeitica ie ticn. Strength.) Stress , Elon rn ‘ : . 
“tion : ; Tone/'| Tona/ | isatios properties, but details may not yet be published. 
con TABLE Il. 












n 0 i o-7°, M : : Properties. 
O-4-0-8° M Ultimate O-1% 
1.38 \ ri i | | Clad sheet Speed Tensile Proof 
chat elit) tion Composition, | Strength, Stress, Elonga- Forn 
1.47 ‘ i ( 1 % ‘ 1 sheet rons Tons tion. 
~ 1 M =q. In. eq. In. 
10%, 


Minimum, |Minimum, | Minimum. 








24-0 14-0 15-0 Forgings 

22-0) nee 8-0 Pistons and 
cylinder head, 

25-0 - 6-0 Forgings. 
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3in. dia.) (Fall 
140 Draraluni ! io Cu Bars, ex H-T) 
} 1 ,M trad i TDS (0-5-1-25° Me Ww7eo 10-0 15-0 Bars, extruded 
1-5", Fe . ion OF5-1-25% Si sections and 
nd fore forgings (up to f 
vi nee 3 in, dia.) (Solu- lor 
D.-T.D.304 Duralumiir FO, Cu ‘ s ws, ox tion H-T) int 
= Si (maXx.) trud DTD Or 1-5-2-5", Cu 270 23-0 610 Tubes, 
Mui max.) tion U-5-1-5% Ni wcording not 
Mu(tmax 1 forg 0-4-1-0°, Me to gauge . 
8-1-5 Fe esp 
3-5 £-8% ( u 29-0 22-0 7-10 Tubes, ma 
O-3-1-5%, Mn according 
. ad )-S-1-8% Mg to gauge alu 
lon 
Duraluni . inte 
re ten D.T.D.LS24 6-5-10-0% Mg 20-0 - 20-0 Sheet (anneaied), Bri 
ind fore (23-0 max.) 
D.T.D.LR6A 6-5-10-0% Mg 18-0 -- 26-0 lubes (hard). des 
17-0 - (0-104 in. . 
and under) fall 
25-0 qua 
F pes (over 
0-104 in.) allo 
‘ ‘ My 20-0 10-0 Tubes (annea‘ed). 
Ih ~ ‘ te 1) 1.1 ‘ lo-u a ( , 
of (23-0 max.) too 
a D.T.D.297 (6-5-10-0% Meg 20-0 8-0 15-0 Rars, extruded 
‘ sections and 
4d forgings (soft), 
D.T.D.273  Duralu 48% Cy 2 70 Puls D.*.D.404  /6-5-10-0% Mg 27-0 0 
with 
MISCELLANEO'S, 
- . proc 
D.T.D.464 | Dural ~ ox ’ Ot : 5 7-0 10 Bar for anto- Con 
r.D.3he ’ | 3 ’ 1 matic machin- 
py > ing forgings and has 
Stress) to gau O-1-0-5% extruded = sec- 0 
TD . e 1 : 1 6-0 te 7 tions. 
— lor | 


D.T.D.A10 oe 
D.T.1.4234 . 
D.T.D.443 . 
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® 1.37 Duralumi See 518 25-0 Riveta *acture of fuses and fuse parts, and similar automatic tcol work. AS Tre 
)t.387 | Durwh 1+5-2-0% ¢ ' mas : mou 
—— s00e | ’ This section on wrought alloys may be rounded off aa 
; by reference to two alloy types of some importance. ng 
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an accepted stock matetial. This task was rendered the 
less easy by reason of the continual refinements in 
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addition it possesses a marked resistance to corrosion 
by sea-water. It is not easy to fabricate, but as sheet it 
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Inside a Spitfire fuselage. 


forms readily into large and intricate pressings without 
ntermediate anneals. The second instance which should 
not be omitted from this brief review is a class of alloy 
especially developed for turret lathes and automatic 
machine tools generally. 
iluminium machine well, but the cuttings tend to be 
ong and springy, and they wrap round the tools and 
nterfere with production. The alloy available under 
British Standards Specification 1080 is deliberately 
lesigned to be free-cutting; the chips are short and 
fall clear. Its main use is for the production of enormous 
juantities of shell fuses, but it is used wherever light 
illoys have to be machined against time on automatic 


tools. 


Casting Alloys 

Owing to the facility with which aluminium will alloy 
vith other metals, the number of alloys which will 
produce good castings is legion. The steady work of the 
‘ontrol, with a watchful eye on segregation of scrap, 
has reduced these to a relatively simple picture. 

On the broad view the high-grade castings and forgings 
lor aircraft engines are produced mainly in that range 
t Rolls-Royce alloys marketed under the name of 

Hiduminium,” and probably the alloy RR 50 holds 
the palm for maximum production of high-strength 
stings for aircraft engines. Next in order of importance 
‘8 regards output must come D.T.D. 424 for the enor- 
mous range of castings covered by the term “ general 
engineer ng purposes.” Then would come the several 
‘arlations of the silicon alloys, with or without magne- 
‘um or nickel. And, finally, the Cinderella of the series, 
D.T.D. 428, for those engineering shapes, distance- 
feces ard so on, not called upon to take serious stresses. 
The old-‘imers, L5, L 11, L8, have retired to a corner 
tthe picture. “ Y” alloy, developed during the last 


Spitfire wing sections in part of a main assembly shop. 


All of the wrought alloys of 
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war by the N.P.L., is confined mainly to high-duty 
pistons, but in that application is steadily losing ground 
in favour of the Hiduminium alloys and of the low- 
expansion specification known as ‘ Loex.”” The com- 
mon run of automobile and transport vehicle pistons is 
now produced almost entirely in L.A.C. 10. 

The above cover the bulk of the war effort, but there 
are, of course, several alloys for special casting work. 
There is, for example, D.T.D. 300, the 10%, magnesium 
alloy for high-strength castings, not used except in 
special applications as yet, but, where the special 
foundry technique and “normalising treatment are 
understood and regarded as worth the candle, offering 
one of the most outstanding of the light casting materials 
in point of foundry and mechanical properties. There is 
also the cast version of “ Birmabright,’’ the alloy which 
modified all accepted ideas on the resistance of alumin- 
ium to sea-water corrosion. It is used to some extent in 
marine castings, and in certain chemical applications 
for the war effort. There are many alloys for permanent 
mould and pressure die-casting, especially in that class 
of casting in which an intricate, accurate shape is needed, 
not called upon to withstand much stress, but needed 
in vast numbers quickly. There is some latitude in 
specifications for such work, depending on the nature 
of the job and the availability of materials, but most of 
them contain a good percentage of silicon for ease of 
casting. 

The alloys which figure most in the war effort are 
scheduled for comparison in Table IV. 

The above review of alloys is used in Britain in war- 
time is necessarily brief. As previously emphasised, by 
far the main proportion of aluminium is employed in 
aircraft, the wings, hulis, engines, propellers, and 
innumerable items of equipment. Next in order of 
importance comes the requirement of road transport in 
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all its varied branches, from tanks to light reconnaissance 
units. The amount used has been cut down and much 
of the balance de-graded, but the net needs remain q 
heavy item. Then there is the notable output of rod 
for fuses, wire for rivets, and extruded sections and 
tubes, for purposes so numerous that at one time the 
extensive extrusion capacity of the country caused the 
one bottle-neck in the production programme. Rapid 
extension and organisation of that side of industry by 
the Extrusions Branch of the Light Metals Controi have 
placed the country in a position to meet all needs, in 
what is one of the most valuable means of fabrication 
of the light metals. 

No review of this nature would be complete without 
reference to those so-called ** destructive uses,”’ in which 
aluminium is so used that it cannot reappear on the 
market again as aluminium, if at all. These fall roughly 
into two classes. First, there are the alloys, such as 
aluminium bronze, aluminium brass, zinc-base alloys for 
die-casting, magnesium-base alloys for all purposes, in 
which aluminium is used as an essential alloying com. 
ponent. In some cases, such as aluminium brass, the 
percentage used may be small, yet the net total of 
aluminium which must be found for these essential 
needs mounts to a material annual tonnage. The second 
group comprises those uses in which the metal disappears 
altogether, and includes the heavy tonnage used for the 
deoxidation of steel, the steady drain on stocks due to 
production of magnesium by the reaction method, 
aluminium powder for explosives and sea-markers and 
for several classes of pyro-technics, aluminium powder 
for. paint, and for Thermit reactions by which the 
highest class alloying materials are produced for high- 
grade alloy steels. In this second group much bas been 
done to ease the situation by de-grading the powder 
specifications, but these destructive uses remain a solid 
item on the supply programme. Marine and naval uses 
were cut to the bone early in the war, but still continue 
to call for a considerable annual tonnage for special 
craft and devices which may not be referred to here. 

The almost 100%, restriction on the use of virgin 
metal for civil uses has been relaxed in certain directions 
recently, partly owing to the easier metal position, 
mainly owing to the fact that, in spite of much experi- 
menting, no satisfactory substitute could be found for 
aluminium in some essential civil need. Aluminium foil, 
for milk-bottle caps, is a case in point. Permission has 
been granted for the remelting and moulding of existing 
stocks of moulds in the rubber, hat-making and similar 
industries whose products depend much on aluminium 
moulds. 

It is, of course, impossible to give more than an outline 
of the manifold uses of this metal in war-time, but the 
above gives a broad picture of a demand which at one 
time threatened to be overwhelming. The enemy had 
prepared for the situation over a period of years, and, 
in addition, had acquired the advantage of the French, 
Norwegian, and possibly much of the Swiss production. 
It will be seen from the foregoing how fine was the comb 
employed by the Control to meet the position. It bore 
hardly on some industries and individuals, but the 
position was met, and additional supplies came along in 
time to meet the losses in European production. ; 

It goes without saying that, under the stimulus of 
war, some striking advances have been made in the 
technique of founding, forging, forming, jointing, and 
protection of the light alloys, The production of large 
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A riveter at work on the centre part of a 
Lancaster fuselage structure 


and intricate pressings has undergone a metamorphosis, 
and some astonishing work is produced now as a routine 
job in the die-casting of complicated, thin-finned, 
cylinder heads for air-cooled radial engines. Many of the 
pressings, forgings and castings now produced cheerfully 
by relatively unskilled labour would have been regarded 
only a few years ago as outside the realm of practical 
politics. The science of “ anodising,” in pre-war days 
handled by a few specialists, has developed into a 
workshop tool. Anodising is a process whereby the 
protective oxide film, normal 
to aluminium, is materially 
strengthened and toughened 
by making the part to be 
anodised an anode in a bath 
of chromic, sulphuric or 
oxalic acid. The resulting 
film has two effects. First, 
it is a strong shield against 
corrosion. Secondly, the 
film will take and hold a 
wide variety of dyes, opening 
up to architecture a very 
beautiful range of brilliant 
colours and tones. The 
Harrod’s escalator, with its 
scheme of black, salmon, 
gold and silver aluminium, 
should be seen by anyone 
intereste:! in these possibilities. 

Rivet 


great st 


joints have made 
des in the direction 
ind several methods 
blind” riveting have 
‘veloped to the 
n stage. The art of 


of speec 
of “ 

been 
product 
welding light alloys by gas 


flame, ectriec are, electric 
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Bomber wing skeletons in assembly shop 


seam and spot-welding has been the subject of intensive 
research on both sides of the Atlantic, and all methods 
are employed to an increasing extent as scientific 
knowledge accumulates. Even that will-o’-the-wisp of 
aluminium, soldering, shows signs of taking on a new 
lease of life, in view of discoveries which havé tended to 
modify informed opinion on the subject. A new method 
of jointing of some promise has come to light in the 
so-called plastic bonding, in which a thin layer of a 
synthetic resin is applied to the surfaces to be joined 


Lancaster fuselages in course of construction in a large British factory. 
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and subjected to moderate heat 
and pressure. The resulting joint 
can be surprisingly strong, and 
if the claims for the process are 
borne out in practice, this new 
line of thought is one to keep 
close track of in regard to peace- 
time developments. 
To summarise the 
history bas shown how the famous 
wooden walls of Old England gave 
place to the present Navy of 
steel. In this war the country 
was faced with the urgent 
necessity of providing aluminium 
wings, in fantastic quantities, 
against time. The situation was 
met first by restrictions in use of 
the metal for most civil purposes, 
and the quiet success of that 
major operation is in itself a 
high tribute to that team spirit, 
with which a decent democracy 
will rally its forces in the face of 
common danger. Then great 
production extensions were put in 
hand, here and in the Dominions, 
again in that spirit of * all hands 
on deck "’ regardless of personal interest. Finally, the 
work of H.M. Navy and the Mercantile Marine ensured 
which placed the supply 


foregoing, 


the continued shipments 


position beyond anxiety. 


What of the Future ? 


World production of aluminium may be five or six 


In addition 
manufacturing 
technique of 


1939 when this war ends. 
fabrication and 
whilst 


times that of 
vast extensions of 
facilities bave been completed, 
casting, forming and assembly 
have shown in some cases quite 
startling advances. What bap 
pens to all this in the future / 

First, it is well to bear in 
mind that much production 
embarked upon under — the 
stress of wat may not be 
regarded as economical in peace. 
Some of the war- time plants 
may be closed down when normal 
economic conditions are restored. 
Secondly, the starvation 
of such important industries as 
foil, hollow-ware, public trans, ort 
and the electrical industry must 
be followed by a correspondingly 


long 


heavy demand just as soon as 
aluminium is released for these 
These, and the 


which 


purposes again. 
bread - and - butter 
permeate practically every indus- 


lines 


try, are going to make immediate 
and very large calls on stocks and 
new production for a period, here 
wnd all over the world. And then 
the certain wide expansion of air 
transport will need to be catered 


Some of the m 


A Lancaster bomber 
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ain aluminium alloy castings for Lancaster engines 


for, whilst the applications of the light metals to surface 
transport, shipbuilding, railway even light 
automobiles and cycles have scarcely been scratched 
The British Non-Ferrous Metals Research Association 
has just reported to the Government on what can be 
done with aluminium in the colossal housing programme 
ahead. The metal is there and the skilled labour, and the 
plant and equipment, and few materials so readily 
lend themselves to pre-fabrication of bousing units 
and internal trim as aluminium, with its freedom 


Ce aches, 


nearing completion in one of Britain’s aircraft factories. 
Adjusting the engines 
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from rust, beautiful finishes, and wide range of 
brilliant colours. 

But the outstanding reason for quiet confidence in the 
future lies, it seems to the author, in a human factor 
often overlooked. During the past years of stress we 
have witnessed a new generation growing up, working 
in the 15,000 or so factories for the Ministry of Aircraft 
Production, and others in the Ministry of Supply 
factories, and for the Admiralty and R.A.O.C. Numbers 
of these young people of both sexes, amounting to 
millions, have been engaged on the production of 
aluminium, its founding, fabrication, forging, machining, 
forming, jointing and assembly. An untold number are 
skilled in some phase of the handling of this metal 
and in little else. This is an arresting thought, to those 
of this relatively young industry who have spent their 
lives not only in becoming expert in its possibilities, 
but expert also in a variety of industries in order to 
be in a position to persuade engineers to use the metal. 
Vast numbers of Britons will need now to be shown 
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cause why, when they want to make something, they 
should not make it of aluminium. Theirs is the hand 
that will put the writing on the wall. 

The author does not believe in an “‘ Aluminium Age,”’ 
in the sense of aluminium replacing all other materials. 
In the period of reconstruction ahead, and in 
civilisation to come, all metals, timbers, glasses, plastics 
will take their part. It is stated that American produc- 
tion of aluminium alone will shortly be over six times 
the pre-war figure ; it is also suggested that this total 
annual tonnage could be equalled by American steel 
production in about four weeks. The fact is, that all 
materials wiil be needed in phenomenal quantities, and 
all of them will be complementary rather than com- 
petitive. But few can doubt that the percentage use of 
the light metals must tend to rise in future, and especially 
in the region of transport and any engineering parts that 
move. ‘lo absorb the new tonnage, together with the 
scrap-heap of the war, the extra allocation of aluminium 
needed in the general picture is encouragingly small. 


Secondary Aluminium in War 


By R. J. Priestman 


(Governing Director, T. 


The recovery of scrap and 
wastes, and their use with 
or instead of metals pro- 
duced from ores, is sound 
economics, and entirely in 
accord with the general 
principle of conserving 
natural resources. This is 
true of aluminium scrap, 
as of other forms of scrap, 
from which secondary 
aluminium is produced, 
and which has contributed 
to the expanding alumin- 
ium requirements imposed 
by war. T'he author out- 
lines the production of this 
important source of supply 
and stresses the control 
facilities by which the 
standard is maintained for 
particular uses. 


T is often stated that it takes a war to bring out 

the best in a particular entity, and I feel that 

perhaps this is particularly true of the secondary 
tluminium industry. 

Most of my readers will be fully conversant with the 
applica’ ion of the word “‘ Secondary ”’ to this section of 
industr It may, however, be well to emphasise the 
fact thot in its particular application it refers to the 


J. Priestman, Ltd.) 


typical modern foundry layout. 


production of aluminium and aluminium alloys from a 
purely scrap basis, from which it will be apparent that 
the importance of this section as applied to war is of a 
very high order. 

May I refer for a moment to the pre-war era when 
secondary aluminium was looked upon as the proverbial 
black sheep of the family. At this time a founiry-man 
would only use secondary alloys for work which was, 
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A section of the assay laboratory. 


perhaps, of lesser importance, or in cases where price 


was a major consideration. In most cases it was next 


to impossible to convince him that, even if alloys were 
produced well within the specified chemical and physical 
properties, they were in any way comparable with 
material produced from a primary source, notwith- 
standing the fact that many instances were in evidence 
to prove the equality, and often the superiority, of these 


products. 

What is the position to-day? Briefly, I think it is a 
complete reversal of opinion. The foundryman now 
realises that the secondary industry can give him an 
inexhaustible range of alloys for sand or die-casting, 
pressure-casting, rolling, extrusion or forging ; in fact, 
anything he calls for he can get. It is, perhaps, at this 
point that the influence of war conditions has shown its 
greatest influence. Due to the obvious shortage of 
primary supplies created by lack of productive capacity 
and, more serious still, lack of shipping space, the only 
alternative was the extended use of secondary light 
alloys. 

I think it will be realised by anyone who gives a 
moment's thought to war-time necessities that present- 
day methods of warfare are 100°, dependent upon air- 
power, and that this condition called for stupendous 
effort on all concerned with aircraft production, to even 
touch the fringe of the country’s requirements. Without 
in anyway belittling any other section of industry, and 
even at the risk of being accused of bias, I feel justified 
in stating most emphatically that the secondary 
aluminium industry responded to every call made upon 
it in a manner of which it may be justly proud. This 
ability to meet the many calls made was, obviously, 
not due to anything other than the response of a well- 
organised industry. An industry with plant and tech- 
nical equipment of an extremely high standard backed 
by technicians whose theoretical and practical knowledge 
have brought their production to the very front rank. 

It is not possible, under present conditions, to give 
to my readers figures of production for the secondary 
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aluminium industry, but when such a time does come, 
when these facts may be openly stated, there is no Coubt 
thet many people will be more than astounded, particu. 
latly if it is fully appreciated what is entailed in the 
manufacture of these products. 

Perhaps I may be allowed to indicate briefly some of 
the many difficulties that have had to be overco: to 
get the very best use out of all the multitudinous types 
and grades of scrap light alloys. Obviously, as /er as 
possible, everything must be used for material at least 
as good as, if not better, than the original ; it must not 
be degraded, however tempting it may be to take the 
line of least resistance, hence all material coming into 
the producers’ works must be carefully graded, freed of 
any deleterious matter, and most probably, in the case 
of swarfs and turnings, of considerable quantities of oil 
and suds. It then has to be check-assayed to ascertain 
that the material in the bags corresponds to its descrip. 
tion on tke telly, which has, in most cases, been torn 
off or is too greasy to read. After all, incoming material 
has been subjected to its various grading and assaying 
processes the resultant products must be carefully 
studied in relation to their respective qualities, and their 
ultimate incorporation into one or other numerous 
specifications called for. This decision having been 
made, all that remains is to take the various proportions 
and convert them into ingot, billets, rolling slabs, or 
whatever other form may be required. 

The process of smelting may be carried out in various 
types of furnaces according to the particular require. 
ments of the finished product. Here again, considerable 
care is called for as, contrary to the opinion of many 
people, the smelting process is one calling for consider. 
able skill and technical control. This is perhaps the 


Part of a spectrographic laboratory, showing photometer 
and comparator in use. 
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operation which holds the most pitfalls in the production 
of hizgh-grade alloys. For example—metal must not be 
allowed to absorb excessive amounts of gases from the 
atmosphere, must not be overheated, must be protected 
from the deleterious effects of furnace gases, and many 
other details too numerous to mention here. The various 
refining Operations must be carried through at pre- 
determined temperatures and times, and ultimately 
poured at the correct temperature. Naturally, if the 
production consists of rolling slabs or extrusion billets, 
both speed of pour and temperature must be controlled. 
Having obtained the final alloy in its required form it 
must now be chemically or spectrographically analysed 
to check the accuracy of its constituent components, 
and physically tested either in the ** as-cast *’ condition, 
or after heat-treatment or other special application, to 
ascertain that its physical properties are such that the 
articles eventually fabricated from the alloy will satis- 
torily withstand the stresses and strains to which they 
may be subjected. 

If the above brief outline of production difficulties, 
coupled with the knowledge of the numerous alloys 
now in use, and the even more-numerous forms of scrap 
which may be encountered, it will be appare nt that the 
efficient handling of this valuable waste is not only 
matter of extreme national importance, butalsoone calling 
for the very finest technical skill in its efficient refining. 

While I have already indicated my opinion of the 
efficiency of the industry in the pre-war period, it is 
undoubtedly the exigencies of war that have given the 
necessary impetus to develop the potentialities of 
vcondary aluminium and bring its products to the high 
state of efficiency at which they now stand. 

It would appear from an even casual study of the 
possible conditions in the post-war period that the call 
for secondary products will probably be as great if not 
greater than at present. I am aware that the increased 
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productive capacity of primary producers will be avilable 
for post-war requirements, but this must eventually be 
over-ridden by the economic requirements which will 
undoubtedly call for the use of all available material 
that does not call for the expenditure of large sums of 
money for import purposes. Hence, the likely require- 
ments of high-grade aluminium alloys produced from 
available scrap must be greatly in excess of pre-war 
requirements, and coupled with a far-seeing expansive 
policy should leave no doubt as to the possibilities of the 
industry’s future. 


Light Alloys in Heavy-Oil Engines 


TUMEROUS examples are given by G. Mortimer and 
J. F. Paige,* showing how the weight per horse- 
power of both transport and aircraft engines has been 
pregressively reduced; particular attention is then 
directed to the cost, low modulus of elasticity, and high- 
thermal coefficient of expansion of light alloys. The 
condition under which main engine components function 
m service are considered, and* recommendations are 
made regarding design and suitable alloys. 

Some components in the design of heavy-oil engines 
are discussed. In the case of pistons, for instance, 
thermal stresses due to difference in temperature in 
lifferent parts of the piston must be considered. The 
design of this part should be such that an easy flow is 
possible, and with this object in mind as much of the 
metal should be concentrated at the crown and the 
tng lands. Formule for calculating the thickness of 
the crown are given. Only a simple heat-treatment of 
the east or forged pistons is necessary, which should aim 
“t removing all residual stress and making the piston 
acquire in advance, as closely as possible, those mechan- 
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ical properties which it will attain in time of service. 
Alloys of the Y and RR types and Al-Si-type alloys are 
listed as suitable for pistons. 

Unlike the piston, aluminium-alloy cylinder heads are 
a simple proposition from the point of view of heat flow, 
as the path through the metal to the cooling medium is 
short. With suitable alloys the very slight corrosion of 
the surfaces in contact with the cooling water, due to 
the presence of other metals in the cooling system, has 
the effect of preventing the heavy building up of scale 
seen in cast-iron heads in some area, restricting the 
water spaces and causing hot-spots and cracking. 
Because of quenching difficulties, non-heat-treatable 
alloys, or one which can be heat-treated without quench- 
ing, are recommended. 

The use of light alloys for crankcases makes possible 
an important reduction in dead-weigh‘. The chief 
considerations which govern the choice of alloy for such 
sturdy parts are cheapness, adequate strength, and a 
reasonable resistance to corrosion. D.T.D. 424 alloy, 
based on scrap Duralumin, is suitable as it also is for 
relatively unstressed parts like oil pumps, crankcase 
doors, valve covers, etc., except where sea-water spray 
may be encountered. 
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Sheet and Strip 


in Aircraft 
By Dr. E. G. West 


Sheet and strip aluminium alloy play an important part in the design of modern 
aircraft. In many respects their influence has been revolutionary, especially in the stressed 
skin wing construction in which the sheet metal not only covers, but adds strength to the 


structure. 


The applications of aluminium alloy sheet and strip in aircraft have been 


greatly facilitated by development in fabrication and in various forms of jointing. Here 
the author briefiy outlines some applications and directs attention to the value of sheet 
and strip in the post-war years. 


T is estimated that of the 
materials used in modern 
heavy bomber construc- 

tion as least 80°, consists of 
aluminium alloys, quite three- 
quarters of which is in the 
form of sheet or strip. It is, 
indeed, obvious that many of 
the developments in aircraft 
design and construction in the 
past have been 
possible chiefly through the 
availability of high-strength 
aluminium alloy sheet. 

That the aluminium alloys 
should revolutionised 
aeroplane design and con- 
struction is not in itself sur- 


decade 


have 


prising, since their properties 
are of paramount importance 
where strength and speed of 
craft are concerned. Their 
unique combination of 
lightness and = strength is 
sufficiently well known; but no 
less important, where fighting 
planes built under mass pro- 
duction conditions are con- 
cerned, are such properties as 
their ‘high surface finish, their 
ease of working (e.g., aluminium alloy sheet may readily 
be punched, drilled, routed, ete.), and the development 
of comparatively new methods of forming and assembling 
particularly well suited to aluminium alloy sheet. One 
may quote as instances of new forming methods the use 
of the stretching press, of which a good example in 
aircraft production is the leading edge of the * Spitfire ” 
wing, which is some 14 ft. long, elliptic, and formed from 
a single blank of I4s.w.g. Duralumin-type alloy 
sheet. Where assembly is concerned, many of the 
aluminium alloys may be welded without difficulty, 
important since the substitute of welding for riveting 
means a reduction in surface friction by reducing drag 
in the airoaft when in flight. , 

Perhaps the most noteworthy single example of recent 
applications of aluminium alloy sheet in aircraft is the 
use of aluminium-coated aluminium alloy sheet in the 
stressed skin wing found, for instance, in the “ Spitfire ”’ 


Courtesy of Fielding and Piatt Lr 


Recent stretching press with separately controlled rams. 


and ‘“ Lancaster.’” How revolutionary this method of 
design and construction is—and it is essentially bound 
up with the development of aluminium-coated aluminium 
alloy sheet—may be seen if comparison is made with 
canvas-winged aeroplanes of the last war. In those the 
structure of the wing was such that the canvas did rot 
carry the load but served only as a covering ; so that, 
from the point of view of the designer, the canvas- 
covered wing represented so much dead weight. In the 
case of the stressed-skin structure, the principle behind 
which may be seen in the homely illustration of an egg 
shell, the skin itself carries the load. Such a structure 
demands for its material very thin sheet in which 
chemical resistance must be carefully safeguarded, since 
any local weakness is likely to affect the quality of the 
whole structure. It is safe to say that the only material 
that will meet such requirements is a high-strength, heat- 
treatable alloy sheet coated with high-purity alun inium. 
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Aluminium Alloy Sheet in the ‘* Lancaster ”’ 

It ay be interesting to discuss in detail the applica- 
tion of aluminium alloy sheet and strip in a typical 
British aeroplane of the present day, the Avro-Lancaster. 
The stressed skin is, of course, of aluminium coated 
aluminium alloy of 20 s.w.g. to D.T.D.390, the structure 
of the wing cetitre section being based upon two main 
spars of extiuded aluminium alloy booms and flat web 


plates. The latter are of coated aluminium alloy sheet 


yo D.T.D. 390, wider at the centre of the spar where the 
Booms and web plates 


web projects beyond the boom. 
are drilled together for assembly. 

The skin is applied in the form of horizontal strips 
running the whole length of the section. Fitting is 
commenced at the main longerons on each side, the skin 
panel being located from the ends of the fixture and 
trom the top edge of the longeron extiusion. 

In the tail end of the rear fuselage the skin plating is 
22s.w.g. aluminium coated aluminium alloy sheet to 
D.1.D. 380, and is drilled at the frame intersections and 
the mid points between them, lapped towards the 
bottom and towards the tail. The skin plating of the 
nose section of the plane is also of : sheet to 
D.T.D. 390, except the panels immediately adjacent to 
the joint frame of the base, which is of 16 s.w.g. ; it is 
fitted in the fixture, drilled from the structure and tacked 
and flush-riveted all over. 

The wing tips of the Lancaster may be considered a 
major component since they include a considerable part 
of the wing surface. The skin is of 22 s.w.g. aluminium 
coated sheet to D.T.D. 390, while the trailing edge 
strip is of Duralumin-type alloy. 

Ribs, intercostals, stringers 
and skin panellings are of 
22 s.w.g. aluminium clad 
alloy to D.T.D. 390 and are 
drilled from ribbon templets No. = 4" 
at one set-up. Snap-head i Shel tices 
tiveting is used over the 
upper surface and pop rivet- 
ing on the underside. When 
the skin has been attached, 
the nosing skin for balloon 
barrage protection is fitted. 
This is in two sections, the 
outboard being of steel, while 


22 s.w. g. 


Specification 


D.T.D. 610 | 3-5- > . 1-5 
D.T.D. 546+ 


D.T.D. 646 


D.T.D. 603 
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proved eminently suitable for all parts of these machines. 
Mention might be made here of the aluminium- 
magnesium alloys developed specifically to withstand 
marine corrosion, and it appears likely that alloys of 
this type should find further extensive employment in 
both flying boats and other aircraft used over the ocean, 
such as the “ Seafire.”’ 


Marine Applications 

Apart from aircraft, suitable aluminium alloys have 
been used quite appreciably for marine purposes, and 
it is of interest to recall that craft built over 10 years ago 
of aluminium-magnesium alloy sheet are still in service. 
Unfortunately, there has been little chance to develop 
such uses during the war owing to the prior demand for 
aircraft, but the low weight and freedom from corrosion 
risks of these alloys are most valuable in the construction 
of vessels in which permanence and high strength are the 
prime requisites. It seems a pity, for example, that the 
recently described new metal lifeboats for tankers could 
not have been constructed in aluminium alloy. Some 200 
aluminium alloy lifeboats were built in the years imme- 
diately preceding 1939, in addition to dinghies and 
several boats exceeding 40 ft. in length. So far as can 
be asceitained, these are still giving excellent service. 


New Sheet Materials 
Of particular interest for future applications of 
aluminium alloy sheet are the recently issued specifica- 
tions covering high-strength aluminium alloy sheet, 
D.T.D. 610 and 546 (aluminium coated) and D.T.D. 603 
and 646. The properties of alloys-to these specifications 
are given in the table below. 


Minimum Mechanical Properties. 


| 


| Ultimate 
Tensile | Elonga- 

| Stre mm tion 
(Tons @on | 
Sq. In.) 21 


Bend 
Test. 


9-1% Proof 
Stress 
(Tons /8q. In.) 


Condition, 


| Solution treated 15 125 15] 
and aged 5 days.|(on 25 s.w.g. and 
| thicker) 
Solution treated 21 2 
and artificially icon 25 s.w.g. and 
| aged. thic ys or) 
Solution treate .a| 28 
and = artificially |(on 25 s.w.g. and 
aged. thicker) 
Solution treated 16 
and aged 5 days.|(Over 25 s.w.g.) 


3} — 


3) — 





the inboard is of 14s.w.g. 
aluminium-clad aluminium- 
alloy sheet to D.T.D. 390. The skin of the ailerons is of 
preformed sheet to D.T.D. 213. There are three sections 
to the complete length of the ailerons and they are jig- 
drilled on the bench. Flanged, sheet-metal ribs or nose- 
formers, formed on the rubber press, are used. 

Fuel tanks on the Lancaster are of 18 s.w.g. aluminium 
alloy sheet to D.T.D. 213. They are made up of six 
pieces and the seams are welded by the oxy-acetylene 
process completed at spots at approximately 1 in. pitch. 

Similarly, characteristic applications of aluminium 
alloy sheet and strip are to be found in practically all 
modein aircraft, whether fighters, bombers, or civil 
types. Even in the so-catled “all wood’ Mosquito, 
aluminium alloy sheet is called upon for such com- 
ponents as -cowlings, ailerons, fuel tanks, etc. 

Airc: aft for use by Coastal Command and the Fleet 
Air Aim have to withstand particularly severe con- 
dition and again aluminium alloys have 


< Single { 


of corrosion, 


figures a note maximum content. 


¢ Aluminium clad sheet and strip, 


Post-War Possibilities 

In the post-war years the aluminium alloys will 
certainly continue to play their part in aircraft con- 
struction, to which their use is limited in wartime. But 
it may be prophesied that the experience and technical 
skill gained duting the war years will not be wasted in 
the fields of post-war development. In fact, it may be 
said that in several peace-time applications the wrought 
aluminium alloys in the form of sheet and strip already 
nominate themselves. 

We may expect them to play a considerable part in 
building, especially where the mass production of 
standard units is desirable. In the sphere of domestic 
architecture the aluminium alloys of high corrosion 
resistance, particularly the alloys with magnesium 
content of 2} to 5%, will find many admirably suitable 
applications in kitchens and bathrooms, as wall-panelling, 

(Continued on page 230). 
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Present and Future 
By J. Towns Robinson 


(Technical Superintendent, High Duty Alloys, Ltd.) 


The period of transition from war to peace is fraught with at least as many problems as were 


experienced in adjusting our industries to wartime demands. 


Although the conditions for peace are 


not yet reached and the military might of the United Nations may be sorely tried before ultimate 
victory, preparation must be made for the future in order that the foundations can be laid for the 


successful rebuilding of industry without unnecessary delay. 


Owing to problems of availability 


the whole of primary and secondary aluminium production has for long been devoted to war uses, 
and in strictly limited fields and in this branch of the metallurgical industries, probably more than 
any other, the transition will be difficult, but the success achieved by aluminium alloys, under what 
can truthfully be regarded as the most severe conditions, will prove as advantageous when applied 
fo peace-time industrial activities. This thoughtful discussion on the present and future of aluminium 
alloys is a fitting conclusion to the series of articles in this section. : 


EK have arrived at a stage at the present time 
W when we are living in what might be termed 
anticipatory transition—that is to say, with 
the turn in our “ fortunes of war” we must of necessity 


look forward to the resumption of normal peace-time 
conditions. This is imperative for our very existence, 


not only as a nation, but for the future continuance of 


the human race and world prosperity. Peace will bring 
with it problems which have never been encountered 
hitherto, socially, economically and _ scientifically, and 
will tax the courage and brains of those people who are 
responsible for both Government and industry. 

The complexity of these problems will not be 
rendered any easier by the present standards to which 


Dummying of large aircraft undercarriage component under 
pneumatic hammer. 





we live as compared with the old standards of years 
past. Progress will be difficult, and even necessitate 
revolutionary methods, but these methods must be 
balanced to suit the new conditions logically and 
scientifically, old ideas, prejudices and dogmatism will 
have to be obliterated. Time will also be of paramount 
importance, and we cannot afford to say, “* We'll think 
it over,’ which means months of delay, decisions must 
be made quickly and wisely, and put into immediate 
effect, otherwise their operative and beneficial effects 
will be lost. 

We therefore find to-day that schemes and plans have 
been discussed and formulated in preparation for a 
fresh start to be made immediately hostilities cease, 
both in civil and industrial recon- 
struction, and it is interesting to 
speculate what new era will arise 
from the devastation and havoc 
brought about by the ravages of 
war. What a golden opportunity 
and inspiration will be presented to 
the youth of the nation, although 
the best balanced brains and ma- 
tured experience of the present 
regime will be required to lay the 
basic foundations tor the new struc- 
ture. The control and mobilisation 
of the labour and plant and new 
factories which have been erected 
to meet the demands of to-day can 
prove a valuable asset rather thana 
curse, as in the past, if these oppor- 
tunities are fully grasped. These 
conditions have developed produc- 
tion technique and personne! to 4 
high standard of efficiency, and 
the products have met the severe 
stresses imposed upon them in 4 
very commendable manner, again, 
assets of some magnitude which we 
cannot afford to delegate to the 
scrap heap. 

The international exchange 0! 
ideas, visits of personnel, and the 
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“ pooling ”’ of scientific data, should 
considerably broaden our outlook 
and is bound to have a beneficial 
reaction if this same spirit can be 
maintained under competitive con- 
ditions. 

The object of this article is to 
bring to the notice of the users of 
aluminium alloys, both actual and 
potential, the great progress achieved 
in the development of alloys, in their 
fabrication, technique, and _ treat- 
ment, to enhance their properties 
and in the trend of development 
in which they will contribute to 
the future prosperity of the in- 
dustry. The combined air forces 
have shown the wonderful charac- 
teristics of aluminium and its alloys, 
and it is not difficult to imagine 
how these characteristics can be 
applied to other industries with 
equivalent advantages. 

The improved technique, com- 
bined with the highly trained per- 
sonnel, should facilitate on a much 
larger scale the use of aluminium 
alloy products in various engineer- 
ing industries. Its light-weight strength characteris- 
ties, when suitably alloyed, and eomeninn resistance, 
enable it to be successfully employed in a surprisingly 
wide range of industries. Aircraft will continue to 
develop, and relatively use a large proportion, but all 
forms of transport will make increasing use of aluminium, 
including both engine and body construction for motor- 
cars, buses, and other transport vehicles. In ship- 
building and marine engineering, for instance, only the 
fringe of possibilities of this material had been touched 
in pre-war construction and with suitable alloys which 
are now available, and improved knowledge of surface 
protection, tremendous advantage can be envisaged. 

The knowledge gained of naval activities during this 
war, and the paramount importance of aircraft carriers 
in particular, will no doubt cause revolutionary designs in 
naval craft where speed, mobility and lightness and the 
cutting out of all dead weight will be enforced, these 
principles will also apply to shipbuilding for all purposes. 
Diesel engines for naval craft, particularly torpedo boats 
and submarines, employ at the present time very 
successfully aluminium alloys for important parts, such 
as pistons, crankcases, cylinder blocks, etc., and it has 
been chiefly due to the reservation of supplies that their 
extended use has not been greatly accelerated. 

In electrical engineering, chemical engineering, rail- 
ways, building and housing, food industries, textile 
machinery, machine tools, etc., considerable scope is 
presented, while in civil engineering there is room for its 
emp'oyment in bridge-building and in the construction 
of plant and machinery. The fields of exploration 
afforded by these industries are colossal, and it only 
need< the sympathetic and studious consideration of those 
concerned, the user and manufacturer, for successful 
results to be achieved. It is only our old and inherited 
cons rvatism and the antagonism against changes 
invoiving the employment of completely new materials 
which has hindered certain of these developments in the 
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Anodised tubes and sections in various colours. 


past, because excellent and suitable alloys have been 
available which would have perfectly suited the specific 
requirements called for. 

In the general application of aluminium alloys to the 
industries already mentioned the old and feared bogey 
of corrosion resistance is immediately raised. This much- 
debated question has been seriously over-rated and 
allowed to assume an unnecessary disproportionate 
significance. For some years past corrosion resistance 
has been carefully and continually studied by experts 
in this branch of science under varied and adverse 
conditions, and to-day our corrosion laboratory con- 
stitutes a vital part of our research laboratories where 
new and up-to-date problems are investigated. The 
actual conditions of corrosive attack experienced in 
industrial uses are reproduced, and under laboratory 
conditions are often more conducive to Corrosion than 
in normal practice, and processes of protection have been 
evolved to render them impervious to attack. This has 
proved to be a most fascinating and lucrative study, as 
it has by no means been confined to the definition of “ to 
corrode by simple attack,” but to conditions, and they 
are numerous, appertaining to both chemical and 
mechanical mediums. Comprehensive literature is avail- 
able on the effects of chemical products and reagents, 
and when this is studied it is remarkable to note the 
number of organic and inorganic substances which do 
not attack aluminium and aluminium alloys, rather than 
the reverse theory. The immunity from attack and non- 
toxity can be instanced in the extensive use of these 
alloys in the canning, brewing and dairy industries—in 
the latter, resistance to lactic acid—in the form of con- 
veyers and plant, milk churns, railway tank wagons, etc., 
and there is further scope in this direction. Another field 
of successful use and exploration is the petroleum and 
distillation industries, typical uses being distillation 
equipment, petrol tanks, containers, tank cars, etc., 
where the resistance to the action of saturated and 





204 


unsaturated hydrocarbons, sulphur 
compounds and sulphurous 
is of an extremely high degree and 
superior to other materials, 
Further to the investigation of 
purely chemical attack, research has 
directed to mechanical attack 
experienced in reciprocating parts 
and structural members subjected 
to applied stresses. These effects 
studied in the form of 
electrolytic cor- 
rosion, and corrosion fatigue, and 
volumes of available and informative 
data have been obtained and this 
knowledge has helped to solve a 
number of problems in which failures 
have resulted on stressed com- 
ponents, and will prove to be a real 
asset in construction where 
the conditions most severe, 
owing to salt concentrations of both 


gases, 


have been 


stress corrosion, 


naval 
are 


water and atmosphere. 

As an additional means of aiding 
the 
protective 


and assisting corrosion = resis- 
tance, coatings have 
been developed to a high standard 
of efficiency, both by chemical and 
electro-chemical methods to produce oxide films which 
are completely impervious to attack—the well-known 
anodising process, for instance—and by metallic 
deposition. 

These surface protective coatings can be reinforced by 
coatings of synthetic resins and varnishes and chromated 
cellulose lacquer. The normal fatigue properties in air 
can be slightly improved by anodic treatment, and the 
corrosion fatigue in salt-water spray greatly improved 
by anodic treatment followed by coatings of the organic 
protectives mentioned above. These facts clearly 
demonstrate that the dangers of corrosion are fully 
appreciated and understood and that where they do 
exist adequate measures can be taken to afford complete 
immunity. 

We have, therefore, available at the present time a 
number of special alloys which have been standardised 
for corrosion-resistant purposes, and they 
fabricated in a multiplicity of forms, such as castings, 
forgings, extruded sections and sheet, with their charac- 
teristics fully known for any desired application. 

The quality of the corrosion-resistant alloys is greatly 
influenced by the purity of the base metal and the alloy- 
and this factor will enhance their 


can be 


ing constituents, 
future prospects. 


Special research is being concentrated on the high 
magnesium-aluminium alloys, and in these the super- 


purity metal is of paramount importance. They possess 
very much superior mechanical properties than the 
present standard alloys, and an extraordinary high 
corrosion resistance, and remarkable results have been 
obtained, 

| have rather stressed the question of corrosion, and 
it is really « specialised subject in itself, because there 
are a great number of industries in which large quantities 
of aluminium alloys could be absorbed and in which this 
factor enters, and so little knowledge js apparently 
known 
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Heat-treatment furnaces in a shop in which aluminium alloy tubes 


are extruded. 


Another most important subject again upon which 
very little is generally known outside the aircraft 
industry is the advancement made in the joining or, one 
might say, structural fabrication of light alloys. In the 
past, difficulties were undoubtedly encountered, due to 
lack of knowledge of manipulation, and we are indebted 
to the aircraft industry to which this form of fabrication 
has been practically exclusive. ‘Tribute must be paid 
to the design and stressing departments, who have had 
the herculean task of designing, calculating and com- 
puting the complexity of intricate stresses in present 
aircraft construction, and finalised in such sections as 
wings, spars, ete. These built-up sections are subjected 
to the most stringent forms of stress testing, and all 
data obtained before finally passing to the assembly line. 
When you consider the present production and _per- 
formance of our large bombers, you can appreciate what 
men can do if given the right material. 

Methods of production have been carefully worked 
out, embodying such operations as forming, seaming, 
bolting, riveting and welding, and each branch has 
received specialised study. Welding has probably been 
the most troublesome, and this is still the subject of 
intensive research. Take the example, for instance. of 
how this knowledge of fabrication can be immediately 
applied to building, housing, construction, interior 
fitments, decorative and general architectural purposes, 
ete. 

Of the general purpose standard alloys, both cast and 
forged, their intrinsic values are already well known, 
and there is no need for further enlargement upon them 
here. At the present time careful study and research 
is taking place on the high-strength wrought alloys, and 
considerable knowledge has been gained and substantial 
progress made. In the form of extruded sections, 
minimum physical properties are being quoted o 
28 tons per sq. in., 0- 1°, proof stress, 32 tons per sq. 1. 
ultimate stress, with 8°, elongation for the non-zine 
type of alloy, with 30 tons per sq. in., 0-1% proof stress, 
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The X-ray examination of a casting. 


35 tons per sq. in. ultimate stress, and 8%, elongation 
for the zine bearing alloy, such as “ Hiduminium ”’ 
RR 77. in this latter alloy the 40-ton tensile strength 
has been reached and exceeded under production con- 
ditions, which represents a greatly increased margin for 
working stresses over the older types of standard alloys. 
These latter high-strength alloys, of course, present 
certain increased difficulties in fabrication, but as greater 
knowledge is gained of their characteristics new methods 
are heing evolved to counteract these difficulties. The 
same high standard of physical properties are not as yet 
reproducible in*the form of forgings and stampings, 
although the general properties of the latter, apart from 
some slight increase in strength, have greater guaranteed 
consistency and uniformity of properties in all directions, 

The knowledge and experience gained in the forging 


of large components embodying considerable mass and 
bulk of material at the present time, will prove invaluable 
for future development. Our general knowledge of such 
factors, and the principles governing them, encountered 
during the process of fabrication, such as casting methods, 
extrusion effects after subsequent forging, workability 


and thermal treatment with stress control and dis- 
tribution, has been very greatly increased even during 
the last twelve months. 

On the “ casting’ side, whilst no new alloys have 
been recently developed, the improvements effected in 
the methods of their fabrication under present production 
condiiions are, however, worthy of comment. Reliability 
and consistency are the key notes, and this has been 
achieved by the basic knowledge of the behaviour and 
the casting properties of the alloys, the scientific control 
of the moulding sand, ete., resulting from some years of 
study and research work. Built up upon this foundation 
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has followed the general improvements in the foundry, 
such as equipment and layout. Present conditions have 
necessitated reorganisation of foundry methods and in 
most instances, and particularly new plants, complete 
mechanisation has been instituted, and affords a striking 
contrast to the old methods of “ scratching in the sand.”’ 
Sand mixers, aerators, slingers, conveyers, rammers, 
moulding machines, conveyer belts, moving platforms 
for moulds and coremaking are only some of the most 
modern devices which make the present foundry as an 
efficient mechanical unit as the precision machine shop. 
By means of this mechanisation it is possible to have 
absolutely standardised conditions with the natural 
failings of human nature, and man power reduced to the 
minimum, all conditions conducive to consistency. It is 
due to this control that such large and bulky castings 
as undercarriages, wheel forks, etc., for bomber con- 
struction, are being economically produced with 
guaranteed mechanical properties which would have 
been a nightmare in the past. Previously a casting 
which looked good was classified as a sound one even 
to the best standards of inspection, now they are sub- 
jected to radiological examination, and the X-ray films 
scrutinised by experts who look upon a mere shadow 
with grave misgivings. The foundryman no _ longer 
argues with the inspector as to whether or not a casting 
is scrap, the X-ray provides the indisputable evidence. 
Gravity die-casting is also an art to-day, the quality 
being of an exceedingly high order, and this form of 
casting lends itself admirably to rapid production. The 
designs of castings can be of the most intricate shape, 
with remarkably thin sections, such as fins on cylinder 
heads, etc., and another advantage is the minimum of 
machining, as components can be cast practically to 
finished dimensions. This form of casting will be in 
great demand in the future, and its scope is unlimited 
in the replacement of heavy and bulky castings in iron, 
brass and bronze in practically every branch of industry. 

When visiting a factory recently and watching the 
construction of side members, panels, etc., for large 
bomber aircraft, I was particularly struck by the 
potential uses of aluminium alloys, in what one might 
term reinforced construction. In these panels, etc., 
aluminium alloy sheet is employed on the outer surfaces 
and is manipulated by forming and pressing on to a 
skeleton framework made up of wood with the inter- 
spaces filled with sheets of composite material in such 
forms of synthetic rubber, bituminous material, etc., 
lightness combined with rigidity and surface skin 
stressing being typically exploited. We hear it claimed 
that modern plastics will oust aluminium alloys for a 
fairly large number of applications, but it is much more 
probable that these two industries will combine together 
to enter new and unexplored spheres which would be 
denied to them individually. 

Wood, plastics, and aluminium maybe, have _ pro- 
perties of a very diverse nature, but asa “* triple alliance ” 
they have great possibilities and advantages over the 
usual sheet-steel type of construction. Our research 
laboratories have been working for some time now on the 
development of adhesives and plastic materials, in 
combination with aluminium alloys for this type of 
* reinforced ’’ construction, and very successful results 
have been achieved. 

This research work has resulted in the development of 
a wide range of ‘‘ Hidunite ” adhesives which provide 
a means of joining metal to metal, to wood, plastics or 
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rubber, with outstanding strength in the joint. In the 
case of joints between aluminium base alloys, a strength 
in shear with 0-5 in. joints of over 4 tons per sq. in. is 
obtained. The joints are water-resistant and unaffected 
by mineral oils, petrol and glycol. These adhesives are 
generally thermo-setting, and the joints hence retain 
strength at elevated temperatures, with—aluminium 
alloys a shear strength of 1} to 14 tons per sq. in. is 
retained in the joints at 80° C. 

The technique of application of ‘‘ Hidunite ’ to metal 
surfaces is quite simple, the first step being to ensure 
that the metal surfaces are perfectly clean and free from 
grease or dirt. After application by brush, the volatile 
solvent is removed by subjecting to a temperature of 
80° to 90° C. for a few minutes, or at room temperature 
for 30 mins. or more, ‘The metal surfaces are then brought 
into intimate contact by pressure of the order of 100 Ib. 
to 600lb. according to the gauge of the material, 
and secured by raising to a temperature of 140° C, 
for approximately 15 mins., this processing converting 
the adhesive into an insoluble and infusible application. 

Plastics have been developed in combination with 
aluminium alloy sheet in the form of what may be 
termed “ sandwich’ material. These plastics are of an 
extra light weight, stiff, and possessing very high 
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rigidity combined with low thermal conductivity, and 
they take the form of a “ solid foam ”’ having approxi- 
mately 90°, air space. The sandwich consists of the 
aluminium alloy cladding sheets, with any desired 
thickness of plastic material in the interspace, the 
cladding alloy sheets, of course, greatly increasing the 
mechanical properties, and have all the advantages of 
the aluminium alloy as a surface material. By this 
means extra light weight, strong and rigid structures 
are possible for panels, which can be used for floors, 
cabin walls, and a host of other applications. The low 
thermal conductivity of the plastic almost lower than 
that of cork—0-2 B.th.u.—renders this form of applica- 
tion ideal for refrigerator construction. The adhesive 
and plastic applications are only at present in their 
infancy, but their possibilities are enormous, and have 
only been briefly touched upon here. 

Summarising, therefore, the progress and development 
of the aluminium alloy industry has proceeded in a most 
satisfactory manner to meet the increasing demands 
made upon it. From the production of super-purity 
base metal to the final fabrication of structures is a long 
chain, but each link- has been ** forged” on the found- 
ation of scientific knowledge, and is ready for industrial 
progress in the new world. 


in the Application of 


Light Alloys to Ship Construction 


| ‘HE application of light alloys to superstructures is 


the main purpose of a recent paper by W. Muckle,* 
in which problems arising cut of such an application are 
discussed in detail. The author considers that the 
possibility of the more general use of light alloys in 
ship construction appears attractive in view of their 
high-strength weight ratio, but regards it as not worth 
while if the saving in deadweight, by the use of these 
alloys in minor fitting has little appreciable effect on the 
draught of the vessel. If, however, some two or three 
hundred tons of structural weight can be saved, then 
their use is justifiable. The author does not think that 
ships built entirely of light alloys will appear for some 
time to come, although the construction of light alloy 
small craft is not unknown ; it is most likely that there 
will be an intermediate stage in which the materials are 
gradually introduced into the structure, the experience 
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gained in their partial use serving to indicate how their 
more-extensive use should develop. 

The uses of light alloys on board ship may be divided, 
roughly, into three types : 

1. Minor parts of no structural importance. 
2. Local strength members. 
3. Parts of the main structure. 

In the former of these categories may be included 
‘tween-deck bulkheads, small deckhouses, small boat 
and promenade decks, flying and docking bridges, ete. 
In addition to these there are many minor interior 
fittings for which the alloys may be used. It would 
appear that the alloys may be simply substituted for 
steel in minor parts with little or no variation in 
scantlings. In the second class are included such parts 
as hatch beams, hatch covers, deck girders, pillars, ete. 
In these cases the scantlings would have to be deter- 
mined so as to give strength equivalent to the steel parts 
which they are replacing. Included in the third category 
are such items as main superstructures, which contribute 
directly to the longitudinal strength of the ship. These 
require special consideration, and are dealt with in 
detail in a section concerned with this aspect of the 
problem. 

The author concludes that the technical problems 
arising from the application of light alloys to ship con- 
struction can be fairly easily dealt with, and provided 
the first cost of the materials is not too high their use is 
advantageous from an economical point of view. The 
problem of superstructures in passenger vessels is not 
specially considered, but many of the principles outlined 
can be applied to this problem in determining the sup2r- 
structure scantlings. It is significant that the author 
contemplates an investigation of this problem, and also 
of the special problem of the all-light-alloy vessel. 
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METALLURGIA 


On the Density, Thixotropy and Setting 


of Heterogeneous Silver Amalgams 
By Douglas Rennie Hudson, B.Sc., Ph.D. 


(Lecturer in Metallurgy, Heriot-Watt College, Edinburgh). 


The Arabic manuscript of Abu-r-Raihan, 
century 


‘The Book of Best Things,” written about the tenth 
. has a table of specific gravity of 19 substances, and it includes liquid mercury with 


a sp. gr. of 13-58, which is very near the value accepted to-day. In the Arabian manuscript “Book 


of the Balance of Wisdom” written by Al-Khazini in the years 1121-1122 a.p. 


13-56 is given 


for the sp. gr. of mercury.—J: W. MELLOR. 
ABSTRACT. 


The density of silver amalgams prepared from very pure metals has been determined over the hetero- 


geneous range. 


Throughout the interval the density varies little from that of pure mercury, approximately 


13-6, despite the lower density and smaller atomic volume of silver, and the existence of an inter-metallic 


compound. 


Small but definite peaks in the density /composition curve are found at about 15 and 28%. The 


plot specific volume /composition is found to consist of straight lines intersecting at approximately 13-0 and 
25%. The maximum silver content attainable by expulsion of the mercury-rich liquid under pressure was 


27-43 and 27-72%, in good agreement with previously reported results. 
compositions obtained by metallographic and radiological methods. 


This is intermediate between the 
It corresponds to Ag,Hg, or Ag.Hg, 


(28-74 and 26-4% respecively), so that the formula Ag,Hg, (25-14%) appears definitely excluded, as with 


CuAl, in the Al-Cu system. These amalgams show reversible thixotropy very perfectly. 


On standing they 


‘set ’’ spontaneously, from the fluid or plastic state which characterises them on formation, to a semi-solid 
relatively hard mass; This hardening is due to the establishment of a réseau of solid phase, in which the 


mereury is held like water in a sponge. 


Setting is accompanied by a diminution of 1-1}% 


in density in a 


few days; in one case where the amalgam had stood for three years this amounted to as much as 4%. On 


kneading or applying pressure the réseau is destroyed and the alloy recovers its fluidity. 
completely reversible, with accompanying density changes, apparently without limit. 


are suggested : 


This process is 
Two explanations 


(i) That pressure causes Murphy's reaction 3AgHg + Hg =— Ag,Hg, to go leftwards. 
(ii)That the réseau consists of a new substance, formed on standing, and restored on applying pressure 


to the Ag,Hg, originally present. 


of silver) in another space-lattice, or a new intermetallic compound. 


This might be either the same phase (containing 27-7% 


The unexpectedly low 


density of the réseau accounts very satisfactorily for the troublesome expansion of dental 
amalgams too rich in silver, a phenomenon which has hitherto been a bughbear in any theory 


of setting. 


1. Native Silver Amalgams 

URING the latter half of the nineteenth century 
D great interest was aroused in amalgams in 

yeneral. At that time they were considered to 
be different from other alloys, on what ground it is 
difficult to say. Subsequent development of metal- 
lographic technique has shown—as might have been 
anticipated—that they differ merely in that their solidus 
lies below room temperature. Particular attention was 
given to the native amalgams, to those of silver the 
names argental, bordosite, arquerite, kongsbergite, moschel- 
landsbergite, “‘ amalgam,” ete., were given. It was a 
favourite pastime for naturalists to identify definite 
chemical species ; Jones (1910), for example, claimed 
the existence of no less than eight intermetallic com- 
pounds. When one considers the silver-mercury con- 
stitution diagram, and particularly the metastability 
subsisting, the necessity for a whole gamut of compounds 
isnot surprising. An excellent summary of the position 
is given by Mellor (1923). 
_It is much regretted that owing to dispersal of many 
fine local mineralogical collections as a war measure, 
no native amalgam specimens were obtainable for 
determination of density and composition, which the 
author would have been glad to have had the opportunity 
ofmaking. Any mineral amalgams which readers could 
make available would be most gratefully received and 
duly acknowledged. : 


2. Previous Determinations 

Joule (1863) was the first to carry out a systematic 
investigation of synthesised amalgams, but obtained 
very erratic results. Maey (1905) examined a very 
complete series up to 50% mercury by weight, and two 
other compositions. Much more recently Duczko (1935) 
has reported values which show a spread even wider 
than Joule’s ; for example, densities of 14-25 and 12-34 
are quoted for compositions as close as 32-67 and 32-52% 
silver. This investigator deduced that density depended 
on the method of preparation. It has most unfortunately 
been found impossible to consult these Polish memoirs 
in original. 

The results obtained are summarised in Table I. 


3. Experimental 

(a) Materials Used—For preparation, A.R. mercury 
with metallic impurities nil and arborescent kathode 
silver of fineness better than 999-9 (the main impurity 
being oxygen) were used. Andrade and Hutchings (1935) 
have drawn special attention to the very high purity 
attainable in quicksilver. Despite their extraordinary 
high standard these metals were commercial products 
and therefore not unduly costly. 

(b) Preparation of the Amalgams.—In accordance with 
well-established observation there is no difficulty in 
sweating the surface of silver with mercury even after 
it has been heated to redness. This is attributed to the 
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Showing midget specific gravity bottle and 


Fig. 1. 
crushed alloy. 


TABLE 1, 
PREVIOUSLY REPORTED DENSITIES FOR SYNTHESISED SILVER 
AMALGAMS, 


Silver, Density. Density.~* Observer, 


34-5 Oo as 0-0681 Joule 
1-6 ae 2-49 * 0- 0800 

53-5 fi ‘ 0-0755 

6o-9 2 ‘ 0-OR810 

72-3 O- 


“07436 
*07530 
“O7414 
“07331 
*O07368 
-O7406 
*O758 
-O760 
“0809 
“O81L5 
“O92 4 
-1035 
“07463 Ducrko 
*“O7542 ee 

“OR L04 a o 
“O7018 om 
-O7640 ee 9 


13-412 0-07456 Littleton 
absence of any coherent film of oxide on either metal. 
However, little true alloying occurs, probably on account 
of the low solubility of silver in liquid mercury (although 
its rate of diffusion is high), and the slow diffusion of 
mercury atoms in the silver lattice. On gentle warming, 
alloying takes place readily, and, after cooling the alloys 
set to a paste. 

Two methods of preparation were used :— 

(i) Synthesis.—A bulb with very narrow neck 
was blown in hard glass Carius tubing in the oxygen 
blowpipe, care being taken to maintain equal 
thickness everywhere. Fine kathode silver and A.R. 
quicksilver were then introduced, the former by 
shaking, the latter by the thermometer method of 
alternate heating and cooling. From the inter- 
mediate weighings the synthetic composition could 
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be calculated. To prevent cracking by thermal 
expansion it was necessary to leave a smal! air 
bubble of 0-1-0-2 ml. After a few weeks at about 
600° C. (above which too frequent explosions 
occurred) the furnace was cooled and the amalgam 
recovered by gently squeezing the bulb in a vice, 
For compositions below 5% this rather laborious 
and time-consuming procedure was not required, 
It was sufficient to immerse bar or sheet silver in 
liquid mercury, itself heated in the vapour of 
boiling mercury (b.p. 356-7° C.). This method had 
the drawback that the composition of the amalgam 
obtained was not known even approximately until 
a subsequent assay. Further, the fineness of the 
sheet silver at 999-5 was not nearly so good as for 
the kathode metal, though probably high enough 
for density determination. Fig. 8 shows the original 
bulb, the final specimen, and the yellowing and 
swelling that takes place. 

(ii) Compression.—In_ addition, two series of 
alloys were prepared by a method indicated by 
Maey. On gentle compression the amalgams are 
enriched in silver by liquation of the weak saturated 
solution of silver in mercury. A separate deter. 
mination showed this to contain 0-03% of silver 
at 16-2°C. A substantial amount of fluid amalgam 
was therefore prepared from which the solid phase 
was allowed to settle out under gravity over a period 
of three years. The weak mercury solution was then 
decanted away, and the pasty mass allowed to stand 
about a month longer. It was then removed with 
& minimum of handling in order to retain as much 
mercury as possible—about 87%. The density of 
the pasty mass could then be determined by 
Archimedes’ method provided that manipulation 
was carried out with care. Progressive enrichment 
in silver was then accomplished in a screw press— 
actually that used for preparing coal pellets for the 
oxygen bomb calorimeter. For the mercury-rich 
alloys light pressure was sufficient, but with in- 
creasing percentages of silver, expression of the 
liquor became more difficult. From the composition 
of the final amalgam from which no further liquid 
could be expelled, the silver content of the weighed 
cylinders at previous stages was calculated. 

(c) Determination of Densities.—In the synthesised 
amalgams (Method 1) there was some tendency to piping 
when the silver content exceeded 20% (Fig. 2). The 
effect of this was overcome by using half-sections, or 
where necessary crushed specimens (Fig. 1) for deter- 
mination of density. It seems quite reasonable to suppose 
that the alloys prepared by compression will be free 
from cavities (see Fig. 4). 

The range of applicability of Archimedes’ method is 
restricted, on the mercury side by considerations of 
handling to about 13-5% silver, and on the other by 
the maximum silver content attainable on heavy com- 
pression. In two separate series this was found to be 
27-43 and 27-72%. Below 13% the specific gravity 
bottle was used. For equal accuracy manipulation of 
the latter is far more laborious and exacting, and in 
these circumstances the data obtained by Archimedes 
method are probably more accurate. 

In general, the specimens did not exceed 30 g., and 
in the standard specific gravity bottle of about 50 ml. 
capacity, minor temperature variations vitiated the 
results quite seriously. Dr. K. E. Grew, of the Physies 
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Fig. 2.—Piping in synthesized silver 
amalgams. 


Department, kindly blew a special midget bottle (3 ml. 
capacity) to overcome this (Fig. 1), by this means and 
special attention to minimising temperature variations 
it was possible to accomplish very concordant deter- 
minations. 

In the case of the rigid amalgams great care was given 
toensuring that any possible porosity existing was over- 
come by ‘* waterlogging ” them quite completely before 
the second weighing. This was accomplished in two 
ways :— 

(a) By boiling and cooling. 
(b) By evacuation of air from a vessel. 
These gave concordant results. 

Corrections for the buoyancy of the air, etc., were 
applied to all results from the consolidated correction 
of Kaye and Laby’s tables. 


4. Results 

The densities obtained by both methods are sum- 
marised in Table II. They agree with Maey’s values 
quite well with the exception of his three results at 
20-5, 22-0, and 22-6% silver, which show an uncomfort- 
ably wide spread—viz., 13-643, 13-489, and 13-640. 
The data obtained in the present work show much 
better consistency amongst themselves. 

TABLE II. 
OBSERVED DENSITIES FOR SYNTHESISED SILVER AMALGAMS. 


Method of 
Preparation. 
Compression 


Remarks. 
Final composition 
of solid phase, 


Silver. Density. 
27-43 ~«(tW«. 3-661 


Dens ity. * 
0-07348 


3-444 .. 0-07441 

3-328 .. 0-07530 

3-566 .. 0-07375 

3-542 .. 0-O7385 

3-480 .. 6-07419 

5570 .. 0-07370 -ssio n Final composition 
of solid phase, 

0-07415 

0-07478 

0-07431 

0-07365 


0-07365 
0-07364 
0-07395 
: .. 007366 
5-84 13-467 .. 0-07434 


ynthesis 


Beyond the very small extent of the liquid range at 
room temperature the amalgams are heterogeneous. Up 
to about 5% silver the density increases very slightly 
over that of liquid mercury. The lattice structure of 
solid n ereury is simple rhombohedral with a = 3-00 A, 


cos a = 1/3, a = 704°, that of liquid mercury is to a 
irst approximation a face-centered cube identical with 
the very perfect silver lattice with a = 4-077 A. The 
hearest distance of approach is 2-833 A and 3-00 A for 
Ag-Ag and Hg-Hg respectively. It is therefore, in view 
of the differing atomic weights, surprising that the 


Fig. 3.—Synthesis. 
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Fig. 4.—Compression. 
Methods of preparing the amalgams, 


density of the fluid silver amalgams is but slightly 
different from that of the pure mercury. Andrade and 
Hutchings have, however, given 80° 24’ and 99° 36’ for 
the dihedral angles between adjacent sides in the rhom- 
bohedral mercury lattice. 

Above 5% silver the density diminishes, with a very 
shallow valley at about 13-0%. There is a slight but 
very definite peak of 13-6 at about 15%, and another 
slight trough of 13-4 at about 25%, the density rises 
to 13-6 for the pure solid amalgam. Fig. 5 shows these 
variations clearly. 

Maey concluded that the density remained constant 
at 13-6 for silver contents up to 34%. From Fig. 5 
the present results are more concordant amongst them- 
selves than the former, and are believed also to be more 
accurate ; however, from the data then available to 
him, Maey’s conclusion appears to have been justified. 

Between the small but well-defined peaks the plot 
density-weight composition consists of smooth curves, 
almost linear, intersecting at 13-0 and 25% silver. 

Recently much attention has been devoted to deter- 
mination of partial molar volumes from the densities 
of binary solutions, especially those of highly ionised 
salts. See, for example, Gucker (1934), Rosenfelt (1931), 
Geffcken (1933), and more recently Redlich (1940), and 
Filippova (1940). Butler (1935) has given a useful 
elementary summary of methods available; that of 


= 


pee-—-0o eo FeO et 00-0.a0 OS Op ey OO 


olumes ith compos 
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intercepts is particularly convenient; the partial 
specific volunes being obtained for any point on the 
specific volume-weight composition plot, from the 
intercepts of the tangent on both axes. 

All the amalgams at present considered are hetero- 
geneous, while the above workers have applied the 


cific volume plotted against Compositto 


theoretical considerations to homogeneous — binary 
solutions. Nevertheless, the conclusion seems inevitable 
that a contraction as definite as that at 15°, silver must 
indicate some unusual attraction at that composition, 
even though no hint is given of any compound by micro- 
scopical or N-ray investigation. 


rARLE lil 
VOLUMES OBTAIN] GRAPILICALL). 


weight ce rositio composed of straight lines 


the corresponding nges are constant, for 


Volume 
Mercury. 


Usob 
1-O790 


00-0566 


OSS ; 0711 


( 
( 
( 
( 3 -O798 
‘ 
( 
‘ 


0400 0865 

The specific volume-composition plot in Fig. 5 shows 
a number of straight lines, for these the axial intercepts 
will remain constant over the corresponding composition 
ranges ; 
considerable interatomic attraction in Ag-—Hg atom 
pairs is @ preort ev ident from the existence of two inter- 
metallic compounds, and from the fact that the specific 
volume of all these heterogeneous amalgams is definitely 
below the straight line for a conglomerate of two com- 
ponents. 

(a) Composition of the Solid Phase.—That very careful 
experimenter, Dumas, as long ago as 1869, reported a 
silver content of 27-4°, for silver amalgam that had stood 
in contact with liquid mercury for 17 years. This is in 


Fig. 6 shows this clearly. The existence of 


excellent agreement with the author’s values of 2/-43 
and 27-72% in two separate specimens obtained by 
severe compression. Similarly, De Right (1933) 1 und 
that after three years’ contact the composition was 
represented approximately by the empirical formula 
Ag, Hg,, equivalent to 28-74% silver (see Fig. 4). 

From microscopical evidence Murphy placed the 
mercury-rich limit of the solid phase at 29%. However, 
Weryha (1933), Stenbeck (1933), and Troiano (1938), 
from X-ray data independently fixed the composition 
at 27-05-28-4, 26, and > 25 per cent. Thus the com. 
position obtained mechanically is intermediate between 
those obtained microscopically and_ radiologically, 
Preston (1931) suggested that its lattice structure is that 
of y-brass, possibly imperfect with 46 atoms in the unit 
cell against the 52 required in (Ag,;Hgs), (25-14% 
mercury). Berman and Harcourt (1938) believed that a 
unit cell with 50 atoms—viz. (Ag,Hg;),9, corresponding 
to 26-4%, was a better representation for the phase in 
mineral amalgams. Westgren (1931), however, favoured 
the y-brass structure. 

Expulsion of the liquor does not of course guarantee 
complete purity of the solid phase. In the presenit work 
great care was given to this end, and in fact it is believed 
to have been substantially attained. Incomplete 
removal would imply a higher silver content in y and 
thus remove it still further from Ag,;Hgg, and closer to 
the limit of 29°, suggested by Murphy’s metallographic 
data. For the crystalline amalgam assaying 27-05 and 
28-39%, silver obtained by Reinders’ reaction 

3AgNO + 7Hg > Ag,Hg, + 3HgNO, 
Weryha (1933) suggests (Ag,Hg,), as the unit cell. 

It is perhaps noteworthy that all three methods agree 
in excluding the y-brass formula from the range of 
stability of solid amalgam. This is by no means unique. 
A careful investigation by Stockdale (1933) confirmed by 
Bradley (1933), showed that the @-phase in the aluminium 
copper alloys definitely did not include the composition 
CuAl,, although in its physical properties the phase is a 
typical intermetallic compound. 

(b) Setting of the Amalgams.—Silver amalgams show 
the very peculiar property of “ setting.’’ Superficially, 
this resembles the setting of plaster of paris, Portland 
cement or zine oxychloride cement. In fact, it is very 
different, being completely reversible by pressure alone 

On first preparation, amalgams containing between 
8 and 20°, silver are fluid or pasty, but on standing 
overnight they undergo partial setting, so that an 
indentation made by the finger nail does not fill up 
(Fig. 3). This setting continues with gradually increasing 
hardness. When it is complete the alloy consists of a 
réseau of interlocked acicular crystals, in which the 
mercury is held suspended as in a sponge, owing to its 
high surface tension. On kneading, this réseau is 
destroyed and the amalgam then recovers its fluidity. 
The consistency may be anything between a smooth 
paste like joiner’s putty and a fluid with suspended 
needles, like oatmeal porridge. It resembles plumber’s 
solder in the plastic state used for wiping a joint in 
lead pipe. 

This liquefaction and re-formation of the réseau may 
be repeated as often as desired. Fig. 7 shows clearly the 
distinction between the fluid and set states. Sullivans 
amalgam, formerly used in tooth stoppings, was pre- 
pared by grinding mercury with copper freshly pre- 
cipitated by the action of zine on copper sulphate 
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solution. After surplus mercury has been squeezed out, 
the amalgam is plastic, but in a few hours it sets hard 
and can then be rolled or hammered. On kneading or 
heating, the hard mass recovers its plasticity. (Smith, 
1937.) 

(c) Effect of Setting on Density.—An extreme case of 
setting was observed in an alloy of synthetic composition 
15:2°, mereury, which had stood undis- 
turbed for about two years. 

Its density was found to be unexpectedly | 
low at 13-039, on re-determination to 
eliminate a suspected mistake this value 
was confirmed. Structurally, it consisted 
of discrete lumps, equi-axed, very hard and 
solid, immersed in a matrix of much less 
viscosity than was to be expected from the 
composition of the alloy. Simple pressure 
had no effect on these lumps, when a 
spatula was used. Some error in the com- 
position was suspected at this stage, but 
before sampling the effect of hard grinding 
in @ mortar was investigated. The result 
of this was that the amalgam gradually passed into the 
plastic state, a re-determination of density then yielded 
the value 13-576 in excellent agreement with the curve 
for the amalgams enriched by compression. On assay 
a silver content of 15-14°% was found. Since crystal- 
lisation had proceeded entirely below the surface of a 
liquid it is difficult to see how the original low value for 
the (lump plus liquid) state can be attributed to porosity, 
postulating an empty volume of one-eighth in the hard 
jagged lumps. 

The only reasonable conclusion seems to the author to 
to be that the setting of silver amalgams is accompanied 
by an increase in volume. The apparent anomaly of a 
stable (se t) state with lower density than a metastable 
(plastic) state is not necessarily a valid objection, since 
the amalgam is heterogeneous. Developing a theory 
first advanced by Gray (1923), Troiano (1938) has 
suggested that the explanation for the setting expansion 
is the formation of voids on crystallisation of solid 
amalgam from the mercury trapped in the interstices of 
Ag,Hg, dendrites already in existence. Application of 
this theory to the case described above would require a 
volume of 4% of voids. and it seems inconceivable that 
this proportion could be formed in the slow growth 
described above, with the re lative proportions of solid 
and liquid present. 


5. Discussion 

(a) Equilibrium in Pasty Amalgams.—From investiga- 
tion of the mercury-silver system by specially devised 
metallographic methods, Murphy concluded that two 
peritectic intermetallic compounds existed :— 

(i) y (29-5-30-5° 127 

reaction— 

B + liquid==y or very nearly AgHg + Hg= 

(iu) £ (40-42%, 
reaction 


» silver), formed at by the 
~Ag,Hg, 


silver) formed at 276°C. by the 


a + liquid==8 or very nearly Ag(Hg) +- Hg=—AgHg 
(S.8.) 

He dr attention to the great metastability inherent 

im the system: “ It is evident that in amalgams con- 

taining Jess than 50° of silver there is a strong tendency 


for me: ostable conditions to be established on cooling 
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after fusion. In this range of composition the y con- 
stituent cannot be produced unless 8 has previously been 
formed. The cooling curves showed that the reaction 
between a and liquid was always very readily suppressed, 
and it was therefore possible that the non-formation of 
y on cooling was merely a corisequence of the non- 
formation of 8... It appears, therefore, that the 


Liquated HgHg, réseau Ag, 


B 


Fig. 7.—Showing an amalgam in the set and 


liquid states. 


kcal 


Fig. 8.— Showing original bulb, synthesized amalgam, 
and yellow discoloration in the glass wall 


reaction between a and liquid, as well as that between B 
and liquid, is completely suppressed with the rates of 
cooling employed in cooling curve observations.” 

One reason for allowing so long a period as three years 
to elapse, before determining the densities of the pre- 
viously prepared amalgams, was to ensure as complete 
equilibrium as possible. It seems possible that Maey’s 
alloys may not all have reached equilibrium—this may 
account for minor discrepancies, such as that quoted, 
in his very careful investigation. 

(b) Suggested Explanation of the Density Changes.—A 
plausible explanation of the thixotropy and consequent 
density changes in the silver amalgams is that Murphy’s 
equation— 

B + liquid = = Ag;Hg, 


Even though 


y or AgHg t Hg = = 


is displaced leftwards under pressure. 
the pressure were merely local, kneading would lead 


to progressive breakdown of the réseau of acicular 
crystals of y which indubitably exists in the set alloys. 
The change towards greater density—i.e., lower specific 
volume on application of pressure—is, of course, in 
accordance with le Chatelier’s principle. 
Not merely kneading, but also heating, 
the set amalgams—a phenomencn particularly 


will liquify 
well 
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exhibited by Sullivan’s dental amalgam, but also by 
silver amalgams. If the sum of volumes on the left side 
of the equation were less than that of the intermetallic 
compound on the right, due to an unexpectedly large 
specific volume either of the liquid silver-mercury 
solution or of the intermetallic compound richer in silver, 
the experimental data would be explained. 


(c) Thixotropy—The ease of degradation of the 
réseau leads to the very striking thixotropy in the silver 
amalgams. The phenomenon—that the viscosity is much 
less at large than at small rates of shear—has long been 
known in other systems, but there has been marked 
recrudescence in it recently. It was first observed in 
ferric hydroxide suspensions by Freundlich, but has 
subsequently been cited to explain—the coagulation of 
suspensions like paint (a desirable property for transport), 
the existence of quicksands, the stability of some 
emulsions, and the strength of some plant haulms which 
collapse so spectacularly on being pinched between the 
fingers. It is, however, rare to find it displayed so 
perfectly as in these amalgams. Goodeve (1939) has 
reviewed very lucidly the present position. The sponge- 
like nature of the set amalgams (note the marked 
liquation of mercury from the remaining dry réseau in 
the lower third of Fig. 7A) seems valuable evidence for 
the “ seaffolding ’’ theory of thixotropy. There is no 
apparent need to postulate the existence of colloids in 
these alloys. 

(d) Application to Dentistry.— As is generally known, 
modern tooth stoppings are prepared by kneading or 
mulling filings of a silver-tin alloy with metallic mercury, 
squeezing out the excess, and packing the plastic mass 
into the dried undercut cavity. Within a few hours the 
complex amalgam has hardened sufficiently for biting, 
and this continues progressively. Working technique 
and the composition of the alloy, approximately Ag,Sn, 
have not changed in principle during the last half 
century. The theory of setting of dental amalgams is 
extremely complicated and even now is not thoroughly 
understood despite a great deal of ad hoc investigation. 
This is due to the large number of solid phases concerned 
(at least five), and to the fact that the reactions are 
affected by the composition, size and previous ageing 
of the filings; while the amount of manipulation 
markedly affects the dimensional changes which are so 
important in the fillings. (Ray and Easton, 1931.) 

Black long ago (1896) suggested that the setting of 
dental amalgams could be represented by the action of 
mercury on Ag,Sn. Subsequently Knight and Joyner 
gave 

Ag,Sn + 4Hg > Ag,Hg, + Sn 
as the reaction for setting (1913). It is now generally 
accepted that the end product is not pure tin, but a 
component of empirical composition Sn,Hg or there- 
abouts. More recently, Troiano after very thorough 
radiological examination proposed a theory of setting 
based on successive reactions, with Ag,Hg,, AgHg, or 
Ag,Hg,, and y, (the hexagonal tin-mercury phase of 
Stenbeck, 1933, containing approximately 8°, of tin) 
as final products. The theory of Gayler (1937 B) devel- 
oped after & most painstaking research into the relevant 
portion of the silver-tin-mercury constitution diagram 
(Gayler, 1937 A), also requires a chain of reactions which 
yield the same or very similar end-products, but from 
different intermediate lattices. (The phases are those 
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with the crystal structure of the compounds shown and 
approximating to them in chemical composition. 

Following an exhaustive study, Rothen (1931) has 
classified dental alloys on the basis of silver content, 
which he recommended should lie between 65 and 70%, 
to give an expansion of 1 to 10 x 10°7, on setting after 
correct manipulation. It is obvious that in dentistry 
dimensional changes are of the highest importance, and 
it is not therefore surprising that many careful investiga. 
tions have been made into this aspect, following pioneer 
work by Fenchel (1908). Probably the most detailed 
work is that of Gayler, which showed that in alloys 
containing 5% copper, the desirable slight expansion 
was shown at tin contents of 25-27%, for the particular 
manipulation used. There is a sharp change in direction 
at 25-5-26%. This is in excellent confirmation of the 
early conclusion of Black (1896), who, without elaborate 
apparatus, decided that an alloy containing 27-5%, tin 
and 72-5% silver gave best results; up to 5%, silver 
could be replaced by copper without marked alteration. 

It has long been known that amalgams too rich in tin 
give a loose filling, and explanations of this have been 
suggested by Troiano and Gayler. Amalgams too rich 
in silver give trouble from expansion, and the explana- 
tion of this is a bugbear in any theory of setting. 

If we may represent the setting to a first approxima. 
tion by— 

3Ag + 4Hg > Ag, Hg, 
30-8 ml. 59-2 ml. 


for pure silver amalgams, the resulting volume of | mole 
of y considered as a chemical compound would be 
90-Oml., taking the atomic volumes of silver and 
mercury to be respectively 10-27 and 14-8 ml. at room 
temperature. This is equivalent to a density of 12-512, 
and as the actual density is considerably higher than 
this, it is obvious that considerable contraction should 
occur, in contradiction of experimental results. Gray 
(1923) correctly stated that the crystallisation of silver 
(copper) mercury intermetallic compounds quickly 
follows their formation and is accompanied by expansion. 
This is accurately confirmed by the present results. 
With minor modification Gayler accepts this explana- 
tion: ‘One is therefore forced back to the possible 
cause of expansion being due, as originally suggested 
by Gray, to the mechanical thrust due to crystal growth.” 
Troiano also accepts Gray’s explanation and attributes 
the expansion resulting to the production of voids by 
crystallisation of the solid amalgam from liquor trapped 
in the interstices of primary dendrite skeletons. Loebich 
also postulates void formation in his hypothesis that 
setting is due to formation of Ag,Hg, by diffusion of 
liquid mercury into solid particles of Ag,Sn. The void 
theory of expansion on setting leads to the somewhat 
remarkable deduction that the fall in density is attribut- 
able to the formation of a solid phase (Ag,Hg,) of density 
higher than that calculated from the atomic volumes 
of its components. This seems rather paradoxical, and 
it is somehow repugnant to scientific intuition to believe 
that voids can be formed on slow crystallisation within 
a mother liquor with surface tension as high as that of 
mercury. 

It might reasonably be objected that part of the con- 
traction in the above calculation is due to the virtual 
solidification of the mercury. On melting, this metal 
shows an increase of volume of 33%. If allowance be 
made for this, the corrected volume of 4 Hg (virtually 
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solidified) at room temperature is 57-07 ml., giving a 
theoretical density of 12-815 for Ag,Hg,, still below the 
observed value for the solid amalgam separated by 
pressure. 

An alternative explanation is that the réseau formed 
on standing consists of a phase of density substantially 
lower than that of Ag,Hg,, either of identical chemical 
composition in another space lattice, or another chemical 
compound richer in mercury, which would explain the 
setting. In either case the lower density would be nearer 
that calculated (by summation of volumes) for the solid 
phase (approximately 27-7% silver) obtained by 
mechanical separation, to which the réseau reverts under 
pressure. 

Despite the now voluminous literature on thixotropy, 
the author has beén unable to trace any reference to its 
effect on the density of systems in which definite chemical 
species are not apparently present. Probably X-ray 
examination will be required to establish the progress 
of the reaction within the setting amalgam. 

Whichever of the two alternatives is accepted, it is 
clear that the expansion of the silver amalgams on 
setting is a property concomitant with the thixotropy 
which they exhibit so perfectly. The low density of the 
réseau accounts very happily for a phenomenon hitherto 
inexplicable in dentistry ; but the exact cause of this 
low density, whether chemical, stoichiometric, or 
physical, has yet to be propounded. It is also formally 


The Iron-Nickel Phase Diagram by 
Magnetic Analysis and the Effects of 


Cold Work 


Ix view of the practical importance of the iron-nickel 
alloys, the equilibrium phase diagram of this system 
has been the subject of a number of previous investiga- 
tions. Almost all workers are agreed as to the general 
features of the equilibrium phase diagram. Face- 
centred y-iron and nickel form a continuous solid solution 
over the whole range of concentrations, whilst body- 
centred cubic a-iron dissolves only a limited amount of 
nickel. Consequently there exists a two-phase field, 
which becomes wider at low temperatures. 

Two major difficulties are encountered in this binary 
system. In the first place there is the existence of 
irreversible changes which cause a variety of thermal 
hysteresis effects, the various critical temperatures on 
cooling and on heating being widely different, depending 
on the rate of change of temperature. The second 
difficulty lies in the extremely slow attainment of 
equilibrium coupled with the fact that phase changes 
take place at all temperatures down to room tempera- 
ture and even lower. On the other hand, some trans- 
formations are instantaneous gliding processes, and the 
co-existence of these rapid and extremely sluggish 
changes is one reason for the complications arising in the 
determination of true equilibrium conditions. 


The magnetic study of the iron-nickel system, made in - 


recent years has succeeded in establishing a more com- 
plete equilibrium diagram than had hitherto been avail- 
able. This was possible because the nature of the thermal 
hystere-is phenomena and the way in which phase- 
change ),rocesses take place had been studied and largely 
explained. A kinetic method, involving the extrapolation 
‘0 equilibrium conditions from incomplete changes, has 
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suggested that other anomalous properties of amalgams 
of the alkalies and other metals, which have frequently 
been reported (e.g., viscosity, surface tension, electrical 
conductance) may also be attributable to thixotropy. 
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been evolved and found to be satisfactory. This is 
briefly outlined in a recent paper* published by the 
Iron and Steel Institute, in which experiments with 
cold-worked iron-nickel alloys, based on these former 
studies, are described. 

It is shown that whilst the annealing of cold-worked 
alloys gives inconclusive results, the effect of cold-work 
on quenched alloys produces marked changes in certain 
of the alloys, particularly between 29% and 35% of 
nickel, where the original single-phase alloys actually 
show a distinct separation into two phases. This can 
be seen by comparing their saturation-intensity / 
temperature relationships before and after cold-work. 
In alloys containing less nickel the changes are small, 
because these alloys are presumably not so far from their 
equilibrium state. In general, it can be concluded that 
cold-work alone brings about a certain amount of 
change towards equilibrium conditions, and in this case 
these experiments may prove of value in an attempt 
to determine the state and changes occurring in the 
alloys of nickel and iron at low temperatures. 





* K. Hoselitz, Iron and Steel Institute, Nov., 1943 (Advance copy). 


Tue third Conference on ‘“‘ X-ray Analysis in Industry ” 
has been provisionally arranged to take place in Oxford 
on March 31 and April 1, under the auspices of the 
X-ray Analysis Group of the Institute of Physics. Details 
will be circulated shortly to members of the Group and 
will be sent to non-members on application to Dr. H. 
Lipson, F.Inst.P., honorary secretary of the Group, ¢/o 
Crystallographic Laboratory, Free School Lane, 
Cambridge. The conference will be open to all interested, 
but it may be necessary to limit the number of non- 
members of the Group for whom accommodation can 
be provided. 
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the Welding of 


Non-Ferrous Metals 
By N. P. Inglis, Ph.D., M.Eng., M.I.Mech.E. 


The technical application of metals and alloys depends to an appreciable extent 
on their ability to be satisfactorily welded. The use of welding and of welded 
structures has now become so established that welding methods are invariably 


considered in the choice of a material. 


In an informative survey of the subject 


recently given before the North-Eastern (Tyneside) Branch of the Institute of Welding, 
the author considered some of the main features associated with the welding of non- 
ferrous metals, extracts from which are given in this article. 


HE general growth in use of non-ferrous metals 

and the development of many new non-ferrous 

alloys have taken place over a period during 
which the investigators responsible for devising these 
new alloys have realised the importance of weldability 
in their list of essential characteristics. Consequently, 
the benefit of building up the welding technique 
coincidently with the development of the alloy has 
been possible and taken advantage of. This recog- 
nition of the importance of weldability as an essential 
characteristic has been brought about by the greater 
use by engineers of welded construction, but it is also 
partly due to the excellent work done by such bodies 


as the Welding Research Council of the Institute of 


Welding and the British Non-Ferrous Metals Research 
Association. Whilst paying these tributes, the con- 


siderable impetus given to, the increased realisation of 


the importance of welding by the Welding Symposium, 
convened in 1934 by the Iron and Steel Institute, 
should not be overlooked. 

In dealing with the subject, the author directed his 
attention to some of the main features which must 
be recognised in the welding of certain non-ferrous 
metals in common use and mentioned some of. the 
inherent difficulties associated with the welding of 
them. 


Copper 

Because of its good chemical and mechanical pro- 
perties and because of its ready workability, copper 
has a very wide field of use in most branches of the 
chemical and other industries. It is not, however, a 
particularly easy metal to weld. Its thermal con- 
ductivity is some eight times and its thermal ex- 
pansion about one and a half times that of steel. 
These characteristics play an important part in its 
weldability, since, owing to the former property, 
preheating before welding is usually essential and 
very often a welding job requires two operators, one 
welding and the other preheating. 

The first essential point arising from this survey 
of the inherent characteristics is that “* tough pitch”’ 
(i.e., undeoxidised) copper is not really suitable for 
welding. A'though it would be wrong to say that 
* tough pitch ” copper cannot be welded, it should be 
avoided for welding purposes and de-oxidised copp>r 
should be used. Phosphorus is the usual deoxidant. 
Since it is practically impossible to ensure that the 


phosphorus added to deoxidise the copper just balances 
with the oxygen to be removed and, as it is more 
important to ensure complete freedom from oxygen 
than complete freedom from phosphorus, it is not 
unusual when purchasing copper for welding purposes 
to specify a minimum residual phosphorus content of, 
say, 0-5%, in order to ensure absolute freedom from 
oxygen. It is important to mention, however, that 
since copper is so often used for its high electrical 
conductivity, even 0-05% residual phosphorus causes 
a reduction in electrical conductivity from 100% to 
70%, as compared with pure electrolytic copper. 
Filjer Rods.—It is not altogether unusual to use a 
filler rod of exactly the same composition as the base 


metal, i.e., fully deoxidised copper. As a result of 


experience, the author has a preference for a rod 
containing 0-5—1-0°% of silver, in addition to a residual 
phosphorus content of about 0-05%. The greater 
fluidity of the silver-bearing rod is quite marked, 
and, other conditions being equal, will give lower 
porosity than the plain deoxidised copper rod. It is 
perhaps worth emphasising that silver additions to 
copper (at any rate up to 1% silver) do not reduce 
the electrical conductivity. Again, in the author's 
experience, the best results are obtained with a 
coated rod. 

Flux.—The use of a flux on the base metal is a 
controversial matter amongst copper welders, but the 
question is largely one which is determined by the 
skill and experience of the welder. An operator who 
is thoroughly practised in copper welding can un- 
doubtedly make sound welds without the use of a flux, 
but a good welder who is only occasionally employed 
on the welding of copper would be well advised to 
make use of the additional assistance given by a flux. 
The following composition has been found very 
suitable :—Borie acid 6 parts, powdered borax glass 
1 part, aluminium phosphate 1 part, mixed with a 
10°, solution of microcosmic salt to the consistency 
of cream and painted on the edges to be welded prior 
to heating. 

Preheating.—Preheating is absolutely essential, 
except for very thin materials. The edges to be 
welded are heated with a pre-heatinzg blowpipe 
which works about 3 in. or 4 in. ahead of the welder. 
For thick plates double V vertical upwards welding 
is often employed, with welding proceeding simul- 
taneously from each side of the plate, In this l»tter 
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case separate preheating, except at the start of 
welding, is not necessary. 

Arsenical Copper.—Before copper alloys proper are 
dealt with, reference must be made to the welding of 
deoxidised arsenical copper, since this material is 
preferred for certain classes of work, particularly for 
railway locomotive fireboxes. It should be said quite 
plainly that the welding of deoxidised arsenical 
copper is more difficult than that of ordinary deoxidised 
copper. Deoxidised arsenical copper usually contains 
)-3-0-4% arsenic, and if very special care is not 
exercised, weaknesses in the weld somewhat similar 
to those found in “‘ tough pitch’ copper will be 
experienced. Weaknesses in arsenical copper welds 
are usually due to volatilisation of the arsenic, which 
causes voids in the weld metal. The solution of the 
problem is careful avoidance of overheating, best 
effected by the employment of vertical welding, and 
the simultaneous welding and hammering of the 
material. To do this, a short length of 4 in.—6 in. is 
welded and then very thoroughly hammered from each 
side until black. The welding is then recommenced 
and the cycle repeated. 

Other Methods of Welding.—Whilst most of the welding 
of copper has been done in the past with the oxy- 
acetylene flame, some reference should be made to the 
growing interest in other methods. Carbon are welding 
has recently been studied and it is claimed that with a 
high voltage carbon are and a relatively high speed of 
welding, satisfactory welds can be made even in “ tough 
pitch *’ copper. Metallic are welding has been done and 
reported on by other investigators, but preheating with 
suitable oxy-acetylene torches is again necessary. In 
this method copper-alloy electrodes have been used ; the 
weld metal is therefore of a quite different composition 
from that of the material being welded. 

Resistance butt welding is much used for the joining 
up of lengths of copper wire and rod, but the conditions 
required to give really good welds are critical and con- 
sistently satisfactory results are not easy to obtain. In 
resistance spot and seam welding this raises the further 
complication of finding suitable electrodes, since the 
usual copper or copper alloy electrodes are clearly not 
suitable. 


Copper-Tin Alloys 

Copper-tin Alloys.—The readily workable copper-tin 
alloys—i.e., those containing up to about 8% of tin,— 
are so much in general use as to make their weldability 
a matter of considerable interest. They are, however, 
a good example of the need for appreciating the essential 
fundamental metallurgy of an alloy, or series of alloys, 
before attempting to consider the more purely welding 
aspects. 

The copper-tin equilibrium diagram is rather com- 
plicated, but fortunately the low-tin end of it is relatively 
simple. This diagram shows that under equilibrium 
conditions copper can hold in solid solution at room 
temperature about 13% of tin. When the tin content 
's over 13°, at room temperature the delta phase is 
eneoun'ered in the structure as well as the alpha solid 
‘olution. The alpha solid solution is very ductile but 
the delia phase is hard and brittle. But in welding and 
alloy containing, say, 8%, of tin, the deposited metal 
will not consist entirely of the alpha solid solution, 
becaus perfect equilibrium conditions are not likely to be 
attainc | and there will be some concentration of tin 
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between the alpha dendrites. In these very local tin- 
rich areas the alloy is higher in tin than 13°% and thus, 
in addition to the alpha solid solution, the delta con- 
stituent is present. 

Again, the freezing range of a bronze containing 5 to 
8%, tin is very wide—about 150° C.—and consequently 
the danger of contraction cavities in a weld is very con- 
siderable. These inherent metallurgical characteristics 
enable one to forecast that certain weaknesses in welds 
made in this class of material are almost inevitable, and 
practical experience bears this out. The presence of the 
delta constituent can be removed by a so-called ** homo- 
geneising”’ treatment, which consists of prolonged heating 
at 700° C., but this can rarely be practised commercially. 

Cupro-Nickels.—The 70/30 and the 80/20 copper- 
nickel alloys have achieved well-deserved use for many 
purposes, in particular condenser tubes. In those welds 
with which the author has been concerned a welding 
wire of the same material has been used for oxy- 
acetylene welding. A very slightly reducing flame has 
been employed, and a flux consisting of one part of 
sodium chloride and three parts of borax has been made 
up into a paste with alcohol and brushed on both the 
rod and the parts to be welded. 

** Bverdur.’’—This is a proprietary alloy, and one of 
the grades often employed contains 3% silicon, 1-0% 
manganese, and the remainder copper. Its high tens ile 
strength and its excellent resistance to many corrosive 
media make it a very useful material, particularly at 
the present time, when it can be regarded as replacing, 
for many purposes, certain of the copper-tin alloys. 
Certain of its characteristics, in particular its strength 
at elevated temperature, give it a distinct superiority 
over the type of bronze which it can normally replace. 
It can be readily welded by oxy-acetylene, metallic arc, 
resistance and carbon arc methods. The author has been 
mostly concerned with the oxy-acetylene process for 
this particular alloy. A flux consisting of 90% fused 
borax and 10°, sodium fluoride made into a paste with 
methylated spirits has been used, and this has been 
painted on to the welded rod and also on to the edges 
of the metal to be welded. Preheating to about 200° C. 
has been found helpful, when welding thicknesses of, 
say, } in. and above. When welding such plate it is an 
advantage to start at about 2 in. from the edge of the 
plate and then weld to the edge and allow this to cool 
before building the seam. 

For arc welding it is usual to leave a gap of about 

in.—} in. per foot between the edges to be welded. 
The electrodes tried by the author were found to give 
a very steady arc, but the slag coating was rather 
tenacious and difficult to remove. When the weld 
could be made in a single run, excellent tensile strengths 
and ductility were obtained and also very good bend 
test results. The test results with multi-run welds were 
not, however, as good, which was shown to be due to the 
fact that the very thin but tenacious slag film on each 
run had not been completely removed before the next 
run had been laid down. 


Aluminium 
Although aluminium has a relatively low melting 
point (660° C.) its thermal conductivity is very high, and, 
as with copper, preheating is an essential requisite for 
welding, except with very thin material. The specific 
heat is very high, as is the coefficient of expansion, which 
is about three times that of steel. For a proper under- 
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standing of some of the difficulties encountered in 
aluminium welding, a knowledge of the characteristics 
of the oxide film is necessary. At all temperatures this 
film is very strong and greatly reduces the “ wettability ” 
of the surface by liquids, so that globules of molten 
metal do not run together and form a deposit. The 
oxide is insoluble in liquid aluminium and is not reduced 
by any of the gases present in any welding operation, 
even at temperatures up to the melting point of the 
oxide, which is over 2,000°C. A flux is absolutely 
essential, since no welding can proceed whilst the oxide 
film is present. Furthermore, the oxide film is not 
removed by the borax type of flux so frequently used 
with other non-ferrous metals. A typical composition 
range for these fluxes is given in D.T.D. 119: Lithium 
chloride not less than 15°, potassium fluoride not less than 
7%, potassium bi-sulphate not less than 3%, potassium 
chloride not less than 44°, sodium chloride remainder. 

Gas Welding.—Gas welding, using oxy-acetylene and 
to a lesser extent oxy-hydrogen, has been the main 
welding process in the past, but metallic are methods 
and electrodes have also been used and there are now 
signs of more rapid development in this field. It is 
perhaps important to note that much of the literature 
on the subject refers to welding in which the filler rod 
or electrode has been of an appreciably different com- 
position from the basis material, a practice which 
minimises certain of the problems involved ; but in most 
of the work with which the author has been concerned 
this method of attack was not permissible and it was 
essential that the weld metal should be as close as 
possible to the composition of the basis material. 

Acetylene, hydrogen, coal gas, butane, propane and 
cracked ammonia can be used with oxygen to provide 
the gas-welding flame, but, as one would expect, most 
experience has been with oxy-acetylene. The flame 
should be neutral and great care must always be taken 
to avoid any severely oxidising conditions, so as to 
minimise the formation of alumina. 

With gas welding in the downward position the 
‘* leftward ’’ method is probably the most effective—i.e., 
the torch points away from the completed part of the 
weld and thus preheats the edges to be welded. In 
addition, for material even as thin as # in., preheating 
is necessary and might advantageously be employed 
when welding even thinner material. This is usually 
done by a preheating torch working some 12 in. ahead 
of the welding torch and preheating to about 400° C., 
although there is some controversy as to the most 
effective temperature. 

Metallic Are Welding.—The metallic are welding of 
aluminium bas been practised for many years, but 
generally the electrode used has been one which deposited 
an aluminium alloy weld metal. Thus a 5 per cent. 
silicon-aiuminium rod has been a great favourite for this 
purpose. Asa result of recent investigations, an electrode 
depositing relatively pure aluminium was commercially 
available. One of the major difficulties encountered in 
the early stages of development of this particular 
electrode was the presence of numerous small pores 
distributed through the weld metal, a feature also present 
in the alloy type of aluminium weld metal, deposited by 
electrodes of the alloy rod type. These difficulties bave 
been overcome and rods produced, and have given very 


satisfactory results in removing the previous cause of 


complaint—namely, the numerous small pores or gas- 
holes in the weld metal. 
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Nickel 

Many of the physical properties of nickel in the higher 
nickel alloys are similar to those of mild steel, and the 
welding conditions generally are therefore closer to those 
for steel than is the case with the metals considered 
above. Nickel has a melting point (1,450° C.) near that 
of steel (1,500-1,550° C.), its thermal conductivity js 
about the same as that of steel, its specific heat almost 
identical, and its coefficient of thermal expansion only 
about 15°, greater. Because of these physical character. 
istics, all of which influence the welding technique, 
nickel welding has many points in common with that of 
mild steel. In certain respects nickel is, of course, more 
susceptible than steel. Thus in its molten state it has 
a very high affinity for certain gases, and welding under 
conditions of restraint should be ‘carefully avoided, 
because of the reduction in ductility which nickel 
suffers at certain temperatures. 

Oxy-acetylene welding has been very frequently 
employed for nickel. Separate cylinders of dissolved 
acetylene for each welder are desirable, since a uniform 
gas pressure is extremely important. It is essential 
that the flame should be just reducing, so that a slightly 
larger burner is required than for a corresponding job 
in mild steel, since with a slightly reducing flame the 
heat developed with a given size of burner is less than 
with a neutral or slightly oxidising flame. Nickel is 
extremely susceptible to the effect of oxygen or sulphur 
at elevated temperatures and the maintenance of correct 
flame conditions and the purity of the gas used are 
therefore of the highest importance. 

Nickel can be oxy-acetylene welded without the aid 
of a flux, but high nickel alloys, such as Monel metal, 
usually require a flux and this may also be used for nickel 
itself, if desired. The flux in such cases consists of a 
thin paste made with alcohol from boric acid powder or a 
mixture of boric acid powder and ground borax. 

As regards metallic are welding, electrodes have been 
developed and with one or two exceptions good steel 
welding practice should be followed. One exception is 
that the polarity should be reversed as compared with 
mild steel—i.e., the work should be negative. Another 
is that a slightly larger gauge rod should be used than 
for a corresponding job in mild steel. Nickel electrodes 
are generally coated with such a deoxidiser alloy that 
the purity of the weld metal deposited is not more than 
97 °%,, the remainder consisting of manganese (about 1%), 
silicon (about 0-6°%), iron (about 0-5%), titanium (about 
0-5%), carbon, copper and magnesium. With good 
samples of such welds an ultimate tensile strength of 
33 tons per sq. in. was obtained, and 180° bends, both 
with the top of the weld in tension and in compression, 
were also realised. 
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“Copper Welding for Locomotive Firebox Con- 
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HE necessity for an organisation to co-ordinate and encourage microchemical work in this 

country has already been mentioned in these columns. The American Chemical Society 
possesses a section devoted to analytical and micro chemistry ; but in this country no body, with 
the exception of the Microchemical Club, has been concerned specifically with microchemistry. Since 
the beginning of the war the Microchemical Club has apparently been in existence only in name, 
its main activities having been completely suspended. It seems obvious that the most logical body 
in this country to regard microchemistry as a part of its province is the Society of Public Analysts 
and other Analytical Chemists. This Society has, indeed, for some considerable time, devoted a 
section of the abstracts in its journal to this field. It is probable that a considerable advance from 
the present position may result from the recent decision of the Society to form “ Groups dealing with 
special subjects or branches of analytical chemistry . . . when, in the opinion of the Council, they 
have the support of sufficient numbers of members of the Society.” This decision would seem to be 
an obvious opening for microchemists, and it is to be hoped that those members of the Society who 
are interested in microchemistry—and they must surely be numerous—will not delay in combining 
to fill the gap which has existed for so long. There is much that such a Group could do to improve 
the status of microchemistry. There is much, indeed, that is urgently necessary. To paraphrase a 

familiar phrase, ** Microchemists of this country, wnite /”’ 


Dithizone as a Microchemical Reagent 
By F. T. Beaumont, B.Sc. 


Dithizone has now become established as a reagent for the detection and determination of small 
quantities of some metals. Some account is here given of its application to the detection and deter- 
mination of lead, mercury, silver, copper, zinc, bismuth, cadmium, cobalt and gold. 


black powder. It is almost insoluble in water, presence or absence of masking agents, such as potassium 

cyanide. The separation, detection and determination 

of metals by means of dithizone are achieved by con- 

trolling the pH of the solution to be extracted and by 
using appropriate masking agents and other devices. 

The usual strength of dithizone-chloroform solutions 

C,H;.N : N.CS.NH.NH.C,H; is about 0-1% dithizone, for ,quantitative work, but 

and the formula of a metallic dithizonate may be’— more dilute solutions should be used for qualitative 

CsH;.N: N.CS.NH.N.C,H, ©,H;.N:N.CS.NH.N.C,H, experiments. 

— a? sale It is also worthy of note that an excess of free dithizone 

M or M can be extracted from chloroform or carbon tetrachloride 

> x by shaking with an ammoniacal potassium cyanide 


C,H,.N : N.CS: N.N.C,H, — 
or? ~~ 
M 
where M represents one atom of a bivalent metal. In 
actual fact it is possible that there is an equilibrium 
between two, or all, of these forms. 
When a solution of dithizone in chloroform is shaken 
with a}; aqueous solution of certain metallic salts, highly 
coloured complexes of metal and dithizone may be 


D ITHIZONE, or diphenylthiocarbazone, isa nearly formed, dependent on the pH of the solution and on the 


but dissolves in alkaline solutions. The best 
organic solvents for dithizone, for the purpose of 
extracting metals, are chloroform and carbon tetra- 
chioride. 
The formula of dithizone is represented as— 


Stability of Dithizone Solutions 


Dithizone solutions are subject to deterioration in 
contact with oxidising agents (nitric acid being a 
notable exception) and with air. Doubly distilled 
chloroform has been recommended as solvent, with 
storage of the solution in a cool, dark place.* Carbon 
tetrachloride solutions are best preserved under solutions 
of hydroxylamine hydrochloride or. dilute sulphurous 
acid.‘ 


“ Qualitative Analyse mit Hilfe von Tlipfelreaktionen,”’ 1931, 


3 Clifford. J. Assoc. Offic. Agr. Chem., 1938, 21, 695. 
sky and Winslow. J. Amer, Chem, Soc., 1937, §9, 1966. 4 Fischer and Leopoldi. Z. anal, Chem., 1940, 119, 161, 





218 METALLURGIA 


General Remarks on the Detection and 
Determination of Metals 
Much has been published regarding the detection and 
determination of metals, by using this reagent, par- 
ticularly within the last 15 years. The methods have 
been applied to a very broad range of substances. 
Details of the methods for detecting and determining 
lead in the presence of other metals are to be found in 
two recent publications, both of which have excellent 
bibliographies.*: ° 
A review of recent work on the applications of dithizone 
to the detection and determination of a number of 
metals, following up a previous review,’ has recently 
been published by H. Fischer, M. Passer, and G. 
Leopoldi.* This latest work shows that the trend has 
been to apply the dithizone procedure to many speeial 
cases, and states that mechanical shaking has been 


almost universally adopted to aid the extraction of 


metals by dithizone solutions. 

The extractability of metals, in the form of their 
dithizonates, from aqueous solutions bas been in- 
vestigated.” Partition coefficients for a bivalent metal 
under different conditions of acidity were studied, and 
experimental results were obtained for zine chloride, 
dithizone and chloroform. 

The reactivity of metal towards dithizone is said to be 
dependent on the electron configuration of the cation.'® 
The tendency to complex formation decreases rapidly 
from the cations of the transition metals with incomplete 
electron layers, through the group of cations with 18 
outer electrons, to the group with 18 + 2 outer electrons. 

Reaction occurs when a few grains of dithizone are 
rubbed with a little solid zine oxide.'' Mercury diphenyl, 
lead tetrapheny! and copper acetylide react with 
dithizone under similar conditions. If a solution of 
dithizone in chloroform is shaken with a solid compound 
containing a metal which forms a dithizonate, the 
sensitivity is greater than that obtained by using solid 
dithizone. In this connection it should be noted that 
colour changes occur when insoluble compounds, such 
as lead sulphide or lead sulphate, are shaken with 
dithizone solutions, 

It has been stated that spectrographic sensitivity is 
surpassed by shaking metal powders with dithizone 
solutions, but it should be noted that the extraction of 
lead by dithizone solutions from aqueous solutions which 
contain suspended insoluble matter is not always com- 
plete." The detect is to be attributed to the occlusion 
of lead by the insoluble. particles. 

The use of dithizone for determining small amounts 
of metals in pharmaceutical products has been studied, 
and the sensitivity, accuracy and simplicity of the method 
have been emphasised." 

Dithizone solutions may be used for the detection and 
rough estimation of heavy metals in macro-analytical 
processes.'' The very high sensitivity of dithizone is 
depressed by using a higher concentration of the reagent 
in carbon tetrachloride, and, by using a highly diluted 


for Metals,” 4th edn, 1945, 


Hoy 
I in., 141, BLD 


The 
. | 90 (4), 307 
63, 190 


erksto ff- Send 


FreBrvuary, 194: 


analytical solution, a fair idea of the percentages of the 
main heavy metal components is claimed. Meials 
present in small amounts, or as impurities, are detected 
on the original solution without dilution. Oxidising 
agents, in small amounts, interfere and must be removed. 
The metals which react with dithizone are divided into 
four groups, and are arranged in seven tables to facilitate 
recognition of the presence or absence of particular 
metals. 
Measurement of the Amounts of Metal 


The methods of finishing determinations of metals, 
after extracting under appropriate conditions as dithi- 
zonates and, if necessary, by destroying the complex 
and re-extracting, have been the subject of very thorough 
investigation. 

Sources of error common to all methods include 
impurities in reagents, presence of oxidising agents, 
metal content of filter papers, and the dissolving of 
interfering metals from containers. 

(1) Colorimetric Methods.—(i) The — single-colour 
method relies on measuring the colour of the dithizonate 
alone, after removal of the excess of free dithizone, in 
the organic solvent. A variation is to measure the 
colour of the dithizone regenerated from the dithizonate. 
Differences of opinion have been voiced!® 1% 15 19 
concerning the stability of the colours of metallic 
dithizonates against oxidation, but such error may be 
minimised by like treatment of a comparison solution. 

(ii) The Mixed-colour Method'® avoids the error of the 
single-colour method, but requires accurate control of 
the pH. The metal is determined either by visual 
comparison with a standard containing a known amount 
of the same metal and having a definite mixed colour, 
or by using an absolute colcrimeter. In the latter case, 
constancy of the colour of the dithizone must be assumed. 
As the name implies, the mixed colour of dithizonate 
and free dithizone is measured. 

(b) Volumetric Mixed-colour Titration.2°—This method 
involves the titration of an amount of dithizone, equal 
to that used for extracting the metal, with a standard 
solution of the same metal until the colours of the twe 
dithizone solutions match, A dilute solution of dithizone 
is used for extraction in order to avoid loss of dithizone 
into the aqueous layer. Naturally, the standard titrant 
should be made as nearly the same as the unknown 
solution, with respect to other metals, salts, acidity, 
ete. Further, all oxidising agents should be removed by 
boiling the analytical solution for a short time with 
hydroxylamine hydrochloride solution and, if iron is 
present, it should then be maintained in the ferrous 
condition by passing a current of nitrogen. 

(c) Gravimetric estimation?! of metallic dithizonates 
have been attempted, but have been criticised adversely. 

(d) Spectrographic estimation®? of small amounts of 
cupric, silver, auric, zinc, cadmium, mercuric, thallous, 
stannous, lead, bismuth, manganous, cobaltous, nickelous 
and palladous ions has been made by feeding a dithizone- 
carbon tetrachloride extract into a condensed spark. 
Good results are claimed. Spectro-analytical methods 
have also been applied to dithizone extracts from zine 
and zine alloys.** 


15 Fischer and Leopoldi. Wiss. Verdff. Siemens-Werken, 1933, 

16 Miiller, Z. anal, Chem., 1938, 123, 161. 

17 Ganel and Liedl Vikrochem.. Molisch- Pestsch., 1936, 1147. 

Is Clifford and Wichmann J, Assoc, Offie. Agr, Chem,, 1936, 19. 

19 Winter and others, Jad. Eng, Chem. (Anal.), 1935, 7, 
20 Fischer and Leopoidi. Metall u. Erz, 1938, 35, 86. 
“1 Wassermann and Ssuprunowitsch, Ukrain, chem, J., 1934, 9, 
23 Rohner, Helv, chim, Acta, 1938, 2], 23. 

23 Miiller and Sieverts, Spectrochim, Acta (Berlin), 10410, 1, 352. 
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Application of Dithizone Methods to Particular 
Metals 

(a) Copper—The methods have been applied to a 
variety of materials, including alloys, drinking water,?* *7 
ascorbic acid oxidase,® “” mineral oils, >“ pharma- 
ceutical materials, cable oils, paper,®® wines,”* foods,”* 
plants, dust and smoke,®‘™ and ores. 6 The 
methods of measuring the copper content are colori- 
metric, and they employ instruments, such as the photo- 
electric spectrophotometer, the step photometer, and the 
Pulfrich photometer. The range of copper covered is 
between O and 50yg. 

Copper dithizonate is not decomposed by shaking its 
solution in chloroform or carbon tetrachloride with dilute 
mineral acid, and this property is the basis of its isolation. 

References to the determination of all the metals 
discussed, which are not quoted in this review, may be 
found in the publications mentioned earlier.®: ® 


5 (72) 


(b) Silver—A method for its determination in zinc 
and zine alloys®* involves extraction of the silver with a 
specially prepared dithizone-chloroform solution. The 
latter is previously shaken with a slightly acid very dilute 
copper sulphate solution, the extracted solution also 
being slightly acid. The violet extracting solution 
produces a yellow-orange to orange-violet mixed colour, 

(c) Zinc.—Methods have been described for the 
determination of quantities of zinc up to 100 wg, and 
they cover such substances as fine metals and alloys,?® 
water,*° biological materials,® °” dust and smoke,® “ 
ores,> °?) plants, soils,34 ete. The isolation of zine 
dithizonate depends on its extraction from slightly acid, 
acetate-buffered solution in the presence of sodium 


thiosulphate and potassium cyanide.** It is claimed that 


no other metals, excepting considerable amounts of 
cadmium, interfere. The methods are designed to 
separate zinc from many interfering elements. 

(d) Bismuth.—'This metal is determined, in quantities 
up to 500ug, in biological matter.° “® After removing 
organic matter, the bismuth is coprecipitated with copper 
as sulphide, the precipitate dissolved in dilute nitric 
acid, brought to pH 9 with ammonia, and the solution 


treated with potassium cyanide to prevent extraction of 


copper when dithizone extraction is made. At pH 9, 
lead is also extracted ; therefore the extract is decom- 
posed with 1%, nitric acid, causing the lead and bismuth 
to enter the aqueous phase. The aqueous solution is 
withdrawn and extracted with dithizone-chloroform 
after adjusting to pH 2 or, according to some authors, a 
somewhat higher pH, in order to ensure complete 
extraction of the bismuth alone. The extract is decom- 
posed once more, and bismuth is finally extracted with a 
iesh portion of dithizone-chloroform at pH 9 (ammonia 
and potassium cyanide). The final determination is 
made by a mixed colour method. 

Another method describes the determination of 
bismuth by extractive titration on a solution buffered 
to pH 4.5 

(¢) Merevry.—Success in determining this metal by 


h. Stufenphotometrische Trinkwasseranalyse, Vienna, 1937, 181-183. 
Amer. Inst. Electr. Engng. Techn. Papers, 1939, 39. 

cker, Riffart and Haberstock. Z. [nters. Lebensmittel, 1937, 974, 155. 
mezik, Mikrochem., 1938, 25, 228. 

er and Leopoldi. Metall und krz., 1938, 35, 11! 

lub, Betriebs. Lab. 1940, 9, 514. 

nd Naumann. Gas wnd Wasserfach, 1929, 82, 167. 

rhot!. Bodenkunde und Pflanzenerndhr., 1938, 

rand Leopoldi. 7. anal. Chem., 1936, 107, 241. 
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the employment of dithizone has been variable, and 
dependent largely on the accompanying metals. The 
amounts considered range up to 100ug, and the errors 
found lie between 2 and 10%. The most troublesome 
interfering elements are copper, silver and gold, since, 
under the conditions most favourable to the extraction 
of mercury, these other metals are also partially 
extracted. A claim has been made that mercury can be 
determined in zinc, lead, cadmium, bismuth, silver and 
copper by mixed colour methods.** The disadvantage 
already noted, when copper is present, is said to be 
overcome by the addition of 60-809 of silver (as a salt). 
By this means, copper up to | mgm. is not extracted at 
pH 2, whilst the silver is only extracted when most of 
the mercury has already entered the dithizone-chloroform 
laver. Thus, by extracting the mercury with successive 
portions of dithizone-chloroform, the complete extraction 
can be judged from the colour changes of successive 
The silver dithizonate in the last extracts can 
be decomposed with hydrochloric acid, and the liberated 
dithizone can then be used to give a suitable mixed 
colour with the mercury dithizonate. A trial series of 
extractions is recommended to provide a guide to the 
mercury content. 5g of mercury can be determined 
thus in the presence of 2,500 of silver. Larger amounts 
of copper than 1 mgm. will interfere, even if silver is 
added, and in such a case the mercury is removed from 
the dithizone-chloroform extract by shaking with 
potassium permanganate in dilute sulphuric acid. 
Mercury thus enters the aqueous phase, which is 
separated ; the excess of permanganate is destroyed by 
treatment with hydroxylamine hydrochloride, and the 
mercury is re-extracted with dithizone-chloroform. 

Mercury has been determined by dithizone methods 
in many kinds of material.> 4% 41 77, 9) 

(f) Lead.—Dithizone has been used more for the 
detection and the determination of lead than for any 
other metal. The sources of error have been studied in 
great detail.? > 6-18 The limiting ratios for the 
detection of lead in presence of larger quantities of other 
metals have been studied, and one part in 2,000 to 5,000 
parts is the ratio given for lead to stannous tin or bis- 
muth, whilst it is claimed that one part of lead can be 
detected with certainty in the presence of 12,000 parts 
of thallium. 

The principles applied in separating lead from other 
metals have been briefly discussed above and, in general, 
it may be stated that accurate control of the pH and 
addition of appropriate reagents (such as potassium 
cyanide) are essential. It must suffice to say that lead 
dithizonate is best extracted at about pH 9—pH 10. In 
cases where considerable amounts of iron are present, 
the iron may be removed first as the cupferron com- 
plex,® °” or as ferric chloride by ether extraction.™* 
Alternatively, the lead may be separated by extraction 
with diethyl dithiocarbamate from ammoniacal citrate 
solution.*° 

The range of substances to which dithizone has been 
applied for the purpose of determining lead is large,®: © 
and a less usual application is the determination of the 
solubility of lead sulphate in sulphurit acid solutions of 
vuiicus dilutions.* 


Vetall wnd Erz, 1941, 38, 154, 


33 Fischer and Leopoldi. 
: Schmiedcherg’s Arch, Pathol. 


34 Schmitt and Basse 
1938, 189, 169. 

34 ‘Tompsett. Biochem. J.. 
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The amounts of lead which can be estimated with 
dithizone range between fractions of lug to several 
hundred yg. 

(g) Cadmium.—Very small amounts down to about 
0}-O2ug have been determined in silicate rocks,’ “” 
by extracting with dithizone from an ammoniacal 
solution containing free ammonia. Nickel 
most likely to interfere, but small 


citrate 
is the metal 


Polarographic Analysis 

Two papers dealing with this topic, which was the 
subject of a review article in our last number, may be 
of interest to readers. The first of these* deals with the 
polarographic determination of copper and zinc in brass 
plate. It is designed to replace existing methods, which 
are said to be either slow or inaccurate, as a rapid controle 
method. It is applicable where brass-plating, of copper 
and zine only, is coated on iron or steel. The pilot ion 
method is employed, since the ratio of zine to copper 
is the figure actually determined. As a consequence, 
temperature control need not be exact, and the entire 
estimation is speeded up. 

The second papert consists of a broad survey and 
investigation of the use of polarography in systematic 
analysis, The aim of the author is to develop methods 
which can be applied to any mixture of metals with 
which the analyst may be presented. If it is possible 
to develop complete systematic methods, then the polaro- 
graph will become an even more important analytical 
tool, since the limitations at present imposed on its use 
arise largely from the fact that any system which requires 
analysis must first be investigated thoroughly. 

As a first step in the author’s programme, the metals 
arsenic, antimony, bismuth, tin, lead, cadmium, zinc 
and copper have been considered. The necessary data, 
such as half-wave potentials and diffusion Current 
constants have been determined in nine supporting 
electrolytes, and are tabulated. The article discusses 
fully the application of the information which has thus 
been collected together, and shows how it is possible 
to carry out quantitative polarographic analysis without 
calibrating the dropping electrode with known concentra- 
tions of the metals. Consequently it is possible to use 
the data given for direct analysis of unknown solutions 
of these metals in the supporting electrolytes dealt with. 


Micro Titrations 


A simple micro-burette can be constructed from 4 
40 cm. length of thermometer tubing of 2 mm. internal 
diameter. This is bent as shown in Fig. 1, and drawn 
out at one end to a fine tip. Owing to capillary action 
the tip acts as a stopcock, so that as soon as it is dipped 
into water or touched to a wet surface, liquid flows, 
while on removal the flow stops. The tip is adjusted so 
that when the burette is filled with water and the tip 
touched to a wet surface, the meniscus in the burette 
will travel at a rate of about 15 mm. per min. with the 
instrument held horizontally. 


Tyler and Brown, Jind Eng, Chem., Anal, Ad., 1943, 1§, 520 
+ Lingane, #bid., 1943, 1§, 583. 


t Hybbinette and Benedetti-P*chier, Mikrochem., 1942, 90, 15. 
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amounts do not readily spoil the method. Cadmium 
can also be extracted from caustic alkali solutions— 
eg., of zine and zine alloys—by _ dithizone. 
chloroform.?* 

(h) Gold.—There have been no recent important 
developments. 

(j) Cobalt.—Only qualitative work has been done 
recently. 


The burette is mounted on a swivelled board, so that 
the rate of flow can be altered slightly by adjustment of 
the angle of the board. A millimetre scale is mounted 
behind the horizontal limb, and the burette is then 
calibrated against standard solutions. The meniscus 
should always be read with the burette in the same 
position—preferably horizontal—and the rate of flow 
should be kept constant throughout a titration. If this 
is done, it is possible, with a magnifying glass, to read 
the burette to ,,mm., and to repeat titrations to 

0-3 microlitres (A). 

















Fig. 1.—A simple micro-burette. 


Using such burettes, standardised against pure silver 
and copper solutions, and carrying out the titrations 
in 2mm. centrifuge cones which were stirred by a glass 
rod or by bubbles of an inert gas, silver and copper were 
determined in a 5 mgm. sample of coin alloy, the silver 
by a cyanide titration and the copper by iodine- 
thiosulphate. 

The quantities found were: Silver, 89-9, 90-1% 
(present 90-0%); copper, 10-0°% (present 10-0%). 

Such simple instruments should prove themselves to 
have many uses for the general microchemist. One 
direction in which the authors suggest that they might 
be applied is in the rough estimation of the ions present 
in ordinary inorganic analysis, as a supplement to the 
qualitative analysis by group methods. However, it 
requires no great ingenuity to think of many other 
applications which would make it worth preparing and 

‘alibrating a number of these inexpensive pieces of 
apparatus. 


Erratum 


It is regretted that in Mr. Stock’s article on “ Polaro- 
graphic Technique ” in the January issue the blocks for 
Figs. 3 and 4 (p. 157) were inadvertently transposed, 
and that the error was not noted until the number had 
gone to press. 
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Investigations 


into 


the Sieving of 


Fine-Grain Size Material.—I. 
By Sture Mortsell and P. Vilhelm Villner 


ECENT progress in the technique 
of sieving has been brought abaut 
partly by the construction of such 
devices as vibrating sieves, and by the 
improved quality of the actual mesh. 
This work was initiated in order to 
investigate these and other factors, 
such as the effect of size of charge. 
In considering the efficiency of the 
sieving process, various definitions and 
arbitary concepts were required. The 
efficiency of the operation was defined 
by the equation :- 


E, = M, + M,—1 


where My 


G 
v, a. and M, =— 


the proportion of the charge 


which passes the sieve (the “‘ fines *’) : 
Vg the portion which fails to pass ; 
G,, Gg the percentages above a 
given grain size in the charge, and in 
the residue which fail to pass the sieve ; 
F,, F, = the percentages below a given 
grain size in the charge and in the 
fines. 

In the special case in which the 
sieve mesh is unable to pass any grains 
of size above the given size, it may 
easily be shown that : 

(F; — U) 100 

(100 — U) F, 
Where U is the percentage of fine 
particles held back by the sieve, this 
expression is often used for Es. 


E, = M, 


a 























Fig. 1.Flow chart for experiments 


on fine sieving. 
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The vibrating sieve used in the 
experiments had dimensions of 0-550 
1-330 m. and took 250 watts. It 
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Effect of time. 


Loading rate 6-8 tons /m® hour. 


In considering the results of the 
experiments, the conception of the 


This 


below 


‘separation limit ’’ is required. 
is the gram size above and 
which, it may be broadly stated, that a 
given. mesh will retain and 
particles, respectively. After consider- 
ation of the various ways of stating 
this limit, it was decided to take it as 
that grain size of which 50% of the 
particles are passed and 50% retained. 

The materials used in the experi- 
from the 


pass 


ments were concentrates 


The experimental arrangement is 
shown diagramatically in Fig. 1. This 
was capable of dealing with 6—7 metric 
tons per hour. The mixer was specially 
designed to keep the material wholly 
in suspension, 

The places in which the test samples 
were taken are indicated in the diagram 
by roman figures. They were—I, the 
material; II, the “ fines” 
III, the reject from 
the water from the 


ingoing 
from the sieve ; 
the sieve; IV, 
tank shown. 
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The experiments dealt with the effect 
of the amount of charge, mesh size and 
inclination of sieve, on the clogging of 
the sieve, and the effect of this on the 
efficiency and separation limit. 
Variation of the inclination of the 
to 30° affected the 
sieve size, but not the 
the efficiency with 


sieve from 15 
0-30 mm. 
0-15 mm. size ; 
the former increasing from 70°, to 
almost 90°, with increase in angle. 
With an inclination of 30°, increasing 
the load from 2-6 to 6-6 tons/metres? 
per hour had only a slight effect on 
the efficiency in the case of the 
0-30 mm, 
015mm. sieve there was a marked 


sieve, whereas with the 
drop in efficiency and in the separation 
limit. This is shown in Fig. 2. 
Kxperiments were then carried out 
on the rate of clogging and its effect 
on efficiency and separation limit with 
various rates of charging. A constant 
sieve spacing of 0-22 mm. and inclina- 
It was found 


tion of 20° were chosen, 
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that the sieve clogged fairly rapidly. 
After six hours the efficiency of the 
sieve was reduced considerably below 
the values obtained immediately after 
the mesh was brushed clean. The 
clogging occurred more rapidly with 
the higher loads (4-7 tons/m.? hour), 
and its effect on the separation limit 
was also marked. With a charge of 
6-8 tons/m.? hour, the separation 
limit was reduced in one case in six 
hours from the initial value of 0- 21mm. 
to 0-09mm. The effect is shown in 
Fig. 3. 

Various brushing devices have been 
tried out to keep the mesh clear, and 
thus prevent the cffects of clogging 
demonstrated in these experiments. 
A test was made with a vibrating 
comb made of wood, This was passed 
over the surface of the mesh every 
tenth minute during the run. The 
stopping of the sieve was thereby 
reduced considerably and efficiency and 
separation limit kept up to high values. 


Magnetic Separation of Iron Ores 
By R. L. Manegold 


| igs 1922 the Dings-Roche magnetic 

separator was developed and pro- 
duced excellent results. This machine 
combined wet coneentration’ with 
magnetic based on a 
stationary magnet comprised of alter- 
below an 
inclined This 
eliminated one of the disadvantages 


agitat on, 


nating poles suspended 


vanner belt. design 
of the wet-drum machine, which was 
difficult to Electrical 
failures were reduced to a minimum 


waterproof, 


by sealing the magnet body in a water- 
proof casing. From the experienc: 
gained with the Dings-Roche machine, 
the Dings Crockett Type K magnetic 
separator was developed in 1932, 
The Republic Steel Corporation mill 
at Port Henry, New York, was changed 
in 1939 to the wet process, using 12 
Type K separators. This plant has 
since become a pattern for many of the 
concentration 


magnetite plants 


recently placed in production and for 
others presently being constructed. 
Modern practice now favours pro- 
duction of a plus lin, (25:4 mm.) 
lump magnetite ore wherever possible. 
Ordinarily, run-of-mine ore is sized 
as plus 5 in., 3 in., and Lin, (76-2 mm., 
50-8 mm.,, and 25-4 mm.) and cobbed 
on special high-intensity magnetic 
pulleys. A 55°, or higher iron con- 
centrate is shipped directly to the steel 
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mills. 
pulleys and the minus I in, (25-4 mm.) 


The tailings from the cobber 


ore are then reground to minus } in. 
(6-4mm.) or finer, and subjected to a 
wet rougher separation. Capacities 
of over 75 tons per hour have been 
attained on the Crockett machine in 


this rougher operation. Several alter- 


natives are available for the finisher 


separation. The tailings from the 
rougher machine are immediately re- 
jected as waste. The middlings (a true 
middlings product) from the rougher 
separator are invariably reground to a 
finer mesh (minus 10 mesh, or finer) 
and piped to the finisher separator. 
(The mesh figure indicates the number 
of openings in a sereen per linear 
inch 25:4 mm.) 

Rougher concentrate is sometimes 
filtered directly, and mixed with the 
finisher concentrate to 
coarser sinter product. This is accom- 


produce a 


plished by reducing the intensity of 


the middlings section on the magnetic 
separator, thereby making a small but 
high-grade concentrate. In other mills, 
the rougher concentrate is reground 
and separated on the finisher. Some- 
times this rougher 
screened, the fine portion of the ore 
being sufficiently high im grade for 
sintering, and only the coarser con- 


concentrate is 


centrate is reground and separated 
on the finisher machines. In any case, 
produces a 


the finisher separator 
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very low iron tailings product. The 
middlings product is usually re. 
circulated in closed circuit with a rod 
or ball mill, and the final concentrate 
is filtered and sent to the sint ring 
plant. Ordinarily, _ the 
runs from 63 to 70°, magnetie iron. 
The Davis magnetic tube tester is 
universally used to check magnetic 
losses and the percentage of recovery 
in the concentrate. Under all ordinary 
circumstances, it has been found that 
the Type K unit will produce within 
99°, of the Davis tube results. In few 
regions of the United States has mining 


conceni rate 


production increased as in the Adiron- 
dack district. In a period of a little 
over three years, assuming that present 
schedules will be maintained, there 
wiil be a five-fold increase in the pro- 
duction of magnetite concentrates. 
Thus, in tonnage figures, magnetic 
iron eres now rank third or fourth in 
importance in the United States. 






Rapid Polarographic 
Analysis of Copper and 
Zinc in Brass Plate 


By W. P. Tyler and W. E. Brown 


HE existing methods of brass 

plate analysis for control purposes 
are either slow or inaccurate. A 
method is deseribed whereby brass 
plate consisting of copper and zinc 
only may be analysed by means of a 
polarograph if the base metal is iron 
or steel. The brass piate is dissolved 
in ammoniacal ammonium persulphate. 
This solution is added to a supporting 
cleetrolyte solution containing 
ammonium hydroxide, — ammonium 
chloride, sodium sulphite, and gelatine, 
and the is read after 
oxygen and persulphate have been 
reduced by the sulphite. Since only 
the ratio of diffusion currents of zint 
and copper ions is measured instead of 


polarogram 


exact diffusion currents of the in- 
dividual ions, exact temperature con- 
trol is unnecessary, less care is required 
in Measuring solutions, and the results 
are independent of the capillary used. 
The entire analysis requires only about 
10 mins, of the operator's time. Thus, 
six analyses can be made per hour 
routine work. The method may be 
depended upon to give results within 

1°,, of the copper percentage 
rapid control work and within + 0°5°% 
when extra precautions are taken. 
The polarographic apparatus used im 
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these studies was the Fisher Electro- 
pode, a manually operated instrument 
equipped with an adjustable gal- 
vanometer sensitivity control and a 
residual current compensating device. 


Copper Rings 
Centrifugally Cast 


yy )PPER parts for certain electrical 
apparatus are cast centrifugally, 
obtaining a consistently better quality 
than would be possible with sand- 
casting and reducing the amount of 
scrap per casting. Sand holes and 
blow-holes are eliminated. The centri- 
fugal method provides a much denser 
metal. The copper is brought up to a 
temperature of between 1,200° and 
1,.250° C., about 100° higher than the 
temperature required for sand-casting. 
Meanwhile, the runner-box and die are 
heated with torches to a temperature 
of approximately 250°C. After the 
drosses are skimmed from the surface, 
the molten copper is poured into the 
runner box, from which it flows into 
the spinning die. The die is kept 
spinning at about 300 r.p.m. for 2 mins. 
After the casting is removed, impurities 
remaining at the inside of the ring are 
removed by machining. Thus the final 
result is a pure copper ring. 
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Magnesium from Asbestos 
Tailings 

PROCESS has been patented in 

Canada for the production of 
magnesium chloride, and thereby mag- 
nesium metal, from asbestos tailings. 
Some 20,000 tailings are 
dumped daily by the mines of the 
Thetford district, and a 200,000,000- 
ton stockpile has been built up from 
asbestos operations of the past 60 
years, The U.S. Bureau of Mines has 
reported that pilot plant investigations 
have confirmed the feasibility of the 
comparatively simple process. 

The tailings, essentially antigorrite, 
average 25°, theoretically available 
Magnesium, although commercial 
yields are expected to run between 
15 and 20°, of treated. The 
tailings are received from the mines 
crushed to about 15 
through a magnetic separator, leached 
with dilute hydrochloric acid to form 
a 20°, magnesium chloride solution, 
impurities are precipitated out, and 
‘vaporation yields pure magnesium 
chlorid for electrolysis. 


tons of 


ore 


mesh, passed 
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Electronic Sorting and Testing 


RECENTLY developed electronic 
device, called the Cyclograph, 
by ._ Allen B. Du Mont 
Laboratories, Inc., Passaic, N.J., has 
been adapted to checking, evaluating 
and sorting of materials by such 
factors as machinability, toughness, 
internal stresses, structure, analysis, 
case depth, plating thickness and heat- 
treatment. The instrument utilises 
the principle that these metallurgical 
properties cause variations in the core 
loss of a tuned pick-up coil which 
surrounds the piece under test. These 
variations affect the shape of an easily 
interpreted visible pattern, or oscil- 
logram, displayed on a cathode-ray 
tube indicator screen. By means of 
pattern variations, a semi- 
skilled operator can determine differ- 
ences in metallurgical properties of a 
number of ostensibly similar parts. 
For actual production and production 
test routine, the instrument can be 
adapted to automatic sorting at 
peeds as high as five a second. 


designed 


these 





ee 


two or more frequencies which give a 
correlation between the instrument 
readings and the characteristic of the 
metal which is to be identified. To 
do this a graph must be plotted which 
shows the relative instrument read- 
ings as a funetion of the frequency and 
proper test frequencies chosen from 
the graph. Representative graphs are 
reproduced in Figs. 1 and 2. 

If an attempt were made to separate 
two different steels at any one given 
frequency, a pair of steels might give 
the same reading. This may result 
from all types of magnetic testing, 
using only one reading. But measure- 
ments at three frequencies of, say, 3, 
10 and 50 kilocycles are sufficient to 
establish definitely which curve any 
particular steel lies upon. Should it 
be desired to sort any two steels 
according to analysis in a certain stage 
of heat-treatment, a “ measuring fre- 
quency * will be chosen at that point 
the widest difference in 
reading for the particular steels to be 


showing 











MSTRUMENT READINGS 
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Fig. 1.—-SAE steels as rolled, showing 
the relative instrument readings as a 
function of the frequency. 


By inspectién of the core loss 
characteristic of a metal at three, for 
example, properly chosen frequencies, 
the Cyclograph is capable of breaking 
down a given quantity into smaller 
lots. Each of the pieces in each of 
these smaller lots will have reasonably 
constant metallurgical properties, 
except for the single property under 
test. After this preliminary selection 
test the instrument will then evaluate 
for each of these lots the single metal- 
lurgical property under test. 

The precedure followed in sorting 
SAE and NE steels has been to select 


From The Iron Age, , 152, 1943, No. 19, pp. 57-58. 


Fig. 2.—SAE steels quenched and 

drawn, showing the relative instru- 

ment readings as a function of the 
frequency. 


sorted. The standardising frequencies 
will be the other two frequencies 
used. 

To perform a practical separation 
of two steels, a sample of each of the 
two steels is obtained. A composite 
indication at two frequencies other 
than the measuring frequency furnishes 
a reading typical of each grade of steel. 
This is the standardising reading. As 
each piece of steel is put in the instru- 
ment its standardising reading is taken. 
If the standardising reading is one of 
the two values expected, the measuring 
indication shows which one of the two 
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If the 


standardising reading is not one of the 


steels is the particular piece. 


two expected readings, the steel is 
neither of the two steels the instrument 
is supposed to be sorting, or it is not in 
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the expected state of heat-treatment. 

Reference is made to the use of 
this instrument as an armour-piercing 
shot test, and as a quick means of 
determining case depth. 


Fatigue Testing of Zinc-Base Alloy 
Die-Castings 


By E. H. 


HE extended use of zine-base die- 


castings has resulted in their 


oceasional application as members 
subjected to repeated stresses. To aid 


in designing such members, and also 


to provide a basis of comparison for 
alloy development work, the fatigue 
properties of die-cast Zamak-2, -3, and 


-5 alloys, Table I, die-cast at a pressure 
of 1,500 Ib, per sq. in. were determined 
The fatigue 
three 


after various treatments. 


specimens were subjected to 


Kelton 


raisers such as notches, scratches and 
porosity, but in these cases it was 
establish a tentative 
The results obtained 


possible — to 
endurance limit. 
were checked superficially by rotating 
cantilever beam tests run at a tempera- 
ture of 25 1° C. on specimens } in. 
diameter. 

Since the 
characteristics, porosity, smoothness, 


variations in physical 
straightness, etc., of die-cast specimens 


caused failures to occur over a wide 


rABLE I, 


COMPOSITION 


Zamak 2 


Zamak 


Zutnak 


(1) 
Six months at room temperature ; (2) 


ageing conditions before testing : 
hours in 95°C. dry air, and (3) 
The first 
unstable 


SIX 
five days in 95° C. steam, 


ageing condition eliminated 
test the second 
the the 
normally required six to eight weeks, 
the third both 
accelerated ageing and corrosion. 
Testing was carried out at 25 
B* Ch 


conditions, overcame 


shrinkage of castings which 


and condition caused 


ata speed of 1,600 cycles per min. 


flexure-type testing machine 
using specimens of } in. thickness. A 
few tests were run using specimens of 
thickness. 


treatment 


hin. For each alloy and 


each tests were run at 
different stresses until enough points 
had the S-N 
curve to at 100 million eyeles. 
The 


arbitrarily as the greatest stress not 


been obtained to draw 


least 
endurance limit was defined 
causing failure in 100 million cycles. 
In some cases it was not possible to 
draw a smooth curve because of erratic 
results caused by defects, such as bent 
specimens, some steam 


corrosion (in 


exposure spec mens) and other stress 
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OF ALLOYS. 


( omposition, 
Fe, Pb, 


| 0-007 0-005 | 0-005 


O-W07 0-005 0-005 | 


| i @ m7 0-005 6-005 

| 

| | 

range of cycles, 20 specimens were used 
test at any 


given stress. Only the first failure of 


as the standard flexure 
each 20 specimen tests was used as a 
point in the determination of the S—N 
curve. In Table II the 
flexure fatigue endurance limits of the 
three alloys for the three types” of 
treatment as determined on | in, test 
specimens. Tensile values are given for 


are given 


TABLE I. 
ENDURANCE LIMITS OF ALLOYs. 


Endurance Limit, 
Tons per Sq. In, 
rreatment, 


Zamak 2./Zamak 3. Zamak 5. 
Aged 6 months at room 
temperature eres 
Annealed 6 hours in dry 
ur at 96°O. ........ 2-9 
Exposed 5 days in 95° C, 
steam tank .. 


Tensile Strength, 
rons per Sq. In. 


comparison, Tests carried out on } in. 
diameter specimens showed the same 
order and range of endurance limits, 
indicated that this 


and range of 
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specimen size had no effect on the 
fatigue properties. 

The results show that, for the ageing 
conditions, tested Zamak-2 alloy in 
every case had the highest endurance 
limit, and Zamack-3 the lowest, with 
Zamack-—5 intermediate, and that the 
tensile strengths of the thre alloys 
decreased in the same order. The 
ageing treatment of six months at 
room temperature gave the best fatigue 
properties and the five-day 
exposure treatment, the 
Stabilisation for 6 hours at 95° C. gave 
intermediate results. As the die-cast 
specimens used for the tests were the 
strongest and soundest that could be 
after an 
casting investigation, it 
sidered that, when the data obtained 


steam 
poorest, 


produced extensive  die- 


was con- 
on the fatigue properties were used in 
design calculations for commercial 
eastings which might be porous and 
contain other stress raisers, it would be 
advisable to use a factor of safety of, 
perhaps, 1-2 to 1-3. 

Rotating beam fatigue tests were 
carried out on specimens aged 5 days 
in dry air at 95°C. Eight specimens 
were used and were tested at 25° C. 
at a speed of 835 cycles per min. 
Stresses calculated from the 
direct load using the beam formula. 
The comparison of the results obtained 
with the flexural fatigue data showed 
that the order of endurance limits was 
the same, but that the rotating beam 
tests gave somewhat higher values. 

An examination of the S—N 
showed that there was a wide spread 
of data for tests run at 


were 


curves 


all st resses, 


and, in some instances, tests failed 
after fewer cycles than those run at 
higher stresses. There 
large number of failures which occurred 


outside the test section. Many of these 


were also a 


inconsistent results were presumably 
caused by specimens being bent when 
hot, superimposing a stress on that 
imposed by ‘the specimen deflection, 
and by small notches and scratches, on 
the surface of the specimen, acting as 
stress concentrators. To determine the 
causes of the widely different fatigue 
properties that were shown by castings 
prepared under apparently equivalent 
conditions, radiographic and _ surface 
orientation made on a 
number of All of the 
specimens that were examined radio- 


tests were 


specimens. 


graphically were found to be reason- 
ably sound, and the small differences 
in the amount of porosity that did 
exist could not be correlated with 
differences in fatigue strengths. Surface 
orientation tests also failed to show 


any correlation with fatigue str ngth. 
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The flexural fatigue specimens which 
gave the most erratic results were those 
A micro- 
etching 


subject to steam exposure. 
scopie examination without 
was made of a number of these erratic 
specimens at the plane of fracture, and 
shallow corrosion was found in occa- 
sional apparently associated 
with microscopic surface defects in the 
original specimens and the fact that in 
the steam test corrosion is sometimes 
localised, due to condensation. Cor- 
rosion apparently enlarges these defects 
and magnifies their effect on, stress 
raisers. This condition was found in all 
of the Zamak alloys tested, and is pro- 
bably the cause of much inconsistent 


spots, 


data, 


Magnesium from Brines 
or Seawater 


OST of the production of mag- 
the United States 
to-day comes from the electrolysis of 
fused anhydrous magnesium chloride. 
Seawater and subterranean waters, 
which latter might be thought of as 
trapped seawater, contain MgCl,, to- 
gether with other salts, and have a pH 
of 7:2. Initially, MgCl,.6H,O was 


nesium in 


recovered from bitterns of the brines . 


at Midland, Michigan. These brines 

contained the chlorides of sodium, 
‘ealclum, magnesium sodium 

bromide. Evaporation permits sodium 

chlorides to crystallise out of the brine, 

and the remaining concentrated liquor 
still contains magnesium, is 
termed a ** bittern.”’ 

The process involving electrolysis of 
fused MgCl,.H,O and the obtaining of 
magnesium from brines, or seawater, is 
commonly spoken of as the Dow 

About 16-4 cub. ft. of sea- 
contain Illb. of magnesium. 
(leub. m. contains about Il kg.) In 
this process magnesium hydroxide is 
precipitated with lime, CaO, obtained 
from calcined ground oyster shells. 
Careful control of the liming operation 
requires precise adjustment of the pH 
of the mixture. After filtering the 
Mg(OH),, it is treated with 10°, HCI, 
converting the Mg(OH), into MgCl,. 
6H,O. After partial dehydration, the 
MgC,.H,O is fused and electrolysed 
at a temperature of about 700° C., 
thereby producing metallic magnesium. 
A serious obstacle must be overcome- 
he dehydration of MgCl,.6H,O. 
ted it melts in its own water 
llisation and the reaction becomes 

6H,O MgO 2HCl 5H,O. 

magnesium oxide is obtained 


and 


which 


process. 


water 


1.€., 
If hi 
cTyst 
Mg( 
Thus 
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instead of the desirable anhydrous 


MgCl,. The step-by-step elimination of 


this water of crystallisation is accom- 
plished in the presence of dry HCl or 
of NH4Cl with the elimination of 
5H,O to MgCl,.H,O. 

The electrolysis.takes place in large 
steel cells approximately 6 ft. (1-80 m.) 
wide and 12 ft. (3-65 m.) long, which 
serve as the cathode. Graphite elec- 
trodes serve as the anode, entering the 
open top of the pot. The pots are gas- 
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fired, although they could be elec- 
trically heated. In normal operation 
about 10 volts per pot is applied, and 
the energy required isabout 10k.w.-hour 
per pound (22k.w.-hour per kg.) of 
magnesium. This liberated metallic 
magnesium floats on.the surface and is 
ladled out and poured into ingot 
moulds. About 4 tons of MgCl, furnish 
1 ton of metal. Each cell produces 
about 1,000 lb. (454 kg.) of metal per 


day. 


Applications of High Vacuum in 
Chemical Industries 
By R. R. Olive 


XTREME high vacuum is_be- 
ginning to make an appearance 


in chemical engineering processes. As 


. yet its large-scale industrial use is not 


extensive, but high vacuum techniques 
are rapidly developing and the further 
spread of extreme low-pressure dis- 
tillations, evaporations other 
operations may be expected. 

The ordinary concepts of fluids and 
fluid flow become unreliable at pres- 
sures where the mean free paths of the 
molecules approach the dimensions of 
the equipment, which occurs at a 
of about 1 micron Hg. A 
new type of diffusion pump is now being 
built in large sizes for industrial use. 

High vacuum applications fall into 
two groups, those below about 
1 micron and down to 10°7mm. or 
10°§*mm.; and those above a micron 
and up to about 10°'mm. The lower 
pressure range at present is employed 
largely in physical systems, mainly 
the pumping of electronic equipment. 
Processes that fall in the range between 
1 micron and 0-1 mm. or 1 mm. include 
the bulk of chemical and metallurgical 
applications. The this 
‘ange is high enough, so that a cold 
trap (low-temperature condenser) is not 
required, but pump inlet baffling is 
generally employed. In this group are 
included a wide range of distillations, 
evaporations and sublimations which 
formerly could not be accomplished 
without destruction of the material at 
the high temperatures required to bring 
about vaporisation. 

Some of the possibilities for high 
vacuum distillation and fractionation 
include heat sensitive materials which 
decompose at high temperatures ; and 
materials of extremely high molecular 
weight, such as the higher alcohols, 
fatty acids, drying oils, waxes, plastics 
and other high molecular’ weight 


and 


pressure 


pressure in 
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organics which formerly were not dis- 
tillable. At the pressures heretofore 
available it has been possible to distill 
fatty acies up to Cy,, but by means 
of presently available 
I micron, or slightly less, the 
tri-glycerides in the 
molecular weight range up to 300 can 
be fractionated and, in fact, compounds 
as high in chain length as Cgo, and 
molecular weight up to 2,000 or higher, 
can be distilled. Under high vacuum, 
properly designed - stills, an 
separation of compounds 
differing by .20% in molecular weight 
is possible. 

A considerable production of vitamin 


pressures of 
about 
corresponding 


with 
adequate 


concentrates is being carried out under 
high vacuum. Some work has been 
done on the fractionation of high- 
melting waxes, and much promise 
for the improvement of drying oils 
exists in the high vacuum 
distillation to permit removal of lower 
molecular weight compounds present 
in the oil. A large field for the ex- 
ploration of the possibilities of extreme 
low pressures is the petroleum industry 
which at present is limited to pressures 
not lower than about 10 mm. to 20 mm. 
Thus, cracking may be eliminated. 
High vacuum metallurgy, already 
foreshadowed by the ferro-silicon pro- 


use of 


cess for making magnesium, may well 
prove of interest in the winning of 
metals which either difficult or 
expensive to produce _ by present 
methods. Thermal reduction under 
high vacuum appears to be applicable 
to many lower melting metals. Among 
those which have been investigated so 
far are magnesium, zinc, tin, lead, 
mercury, calcium, beryllium, sodium, 
potassium, caesium, rubidium, - cad- 
mium indium. Purification of 
certain metals produced by other 
processes, such as the high vacuum 
distillation of aluminium, is 
possibility. Deposition of metals and 


are 


and 


also a 





metal salts by vaporization and con- 
densation on a surface to be coated is 
already being practised, such as the 
application of anti-reflection coatings 
on lenses and the production of re- 


Precision Castings 
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flective coatings on optical mirrors. 
Other high vacuum possibilities include 
vacuum casting and vacuum welding 
of metals and alloys which give trouble 
due to oxidation. 


for Ordnance and 


Aircraft 


By J. D. Wolf 


manufacture of precision 
from bar, many machining 
operations are involved, including 
turning, milling, profiling, reaming, 
drilling and tapping. As an alternative, 
investigated, 


| toe the 


parts 


a casting was 
and as a result of its adoption many 
such parts are now produced by the 
centrifugal lost These 
precision parts are cast so accurately 
that 95°, of the normal machining is 
eliminated, only a reaming operation 
being necessary, Among several advan- 
tages gained by the adoption of such a 
process is that ingots or scrap material 
can be used as raw material, and that 


I rocess 


wax process. 


numerical quantities of finished parts 
can be multiplied. Compared to that 
of machining, for any given weight of 
metal such precision casting 
leaves no metal scrap. There is also a 
considerable saving in machining costs 
as compared with the time and expense 
of jig and fixture preparations essential 
for intricate machining procedure. 

In instances where precision castings 


used, 


can substitute for a long series of 
successive machining operations on a 
given part, losses due to rejections can 
be greatly reduced, because a rejected 
cast part only involves the loss of a 
single operation. Since the weight of 
metal for casting is much less than the 
quantities required for machining, 
handling and other costs are auto- 
matically lowered. due to 
warpage in heat-treatment are largely 
eliminated in centrifugal casting, since 
there is no occasion for the develop- 
ment of machining or forging stresses. 
Porosity in a centrifugal can usually 
be observed from an external inspec- 
tion, and ,osses from this source can be 
subjected vo better control than where 


Le ISSES 


sand or die-casting is used. 

The mechanical phases of the cen- 
trifugal casting operation are relatively 
simple, Progressive steps consist of 
first making wax models of the part 
to be produced, imbedding these 
models in moistened plaster, dehy- 
drating the plaster, then melting out 
the furnace, thus leaying 
enyities in the hardened plaster. This 


wax In a 
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plaster containing the cavities is 
mounted on the arm of a centrifugal 
casting moulding machine, and molten 
metal i- injected by centrifugal force 
into the centres by means of a gate in 
the plaster mould. When casting is 
complete, the mould, impregnated 
with metal, is removed from the 
machine and cooled, the plaster is 
dissolved by water spray and the 
finished castings are removed from the 
connecting gate by cutting or grinding. 
The centrifugal casting machine is a 
mechanical device which permits an 
arm holding the crucible and moulding 
flask to spin on a horizontal plane by 
means of a vertical axis, which is 
powered by a coil spring or an electric 
motor. In casting, flasks of stainless 
steel or aluminium which enclose the 
mould are loaded on the arm of the 
casting machine. When the metal, 
which is melted in a crucible, which is 
located on the arm of the machine 
directly behind the flask, is molten, 
the machine is set in motion and the 
centrifugal pressure causes the molten 
metal to flow into the flask. The cycle 
from loading to removing the flask 
is about 3 mins. The size of the casting 
machine selected is contingent upon 
the weight, size and contour of the 
parts to be cast. The metal in the 
crucible is melted either by a direct 
flame or by electric heating coils. 
Precision force casting is often 
referred to as *‘ the lost wax process.” 
This is because wax is used as a medium 
to produce patterns of the part to be 
cast, and these wax patterns are later 
burned out of the mould to prepare 
cavities for the injection of the metal. 
Wax models or patterns are made by 
allowing wax to cool in specially con- 
structed moulds. When the wax has 
cooled, the mould is split open and the 
wax reproduction is carefully removed. 
Wax moulds are made of solid steel, 
low fusing metal, or vuleanised rubber, 
and great care must be taken in the 
designing and preparation of the 
moulds to allow for shrinkage and to 
ayoid split lines. The choice of wax 
compositions from beeswax to syn- 
thetic compounds is dependent upon 
the size, contour, and handling qualities 
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desired. In recent months, important 
experimental progress has been made 
with plastics as a substitute for waxes 
in the production of casting patterns, 
The indicated advantage in plastic, 
models is that they are much stronger 
and when produced on a mass pro- 
duction basis in injection moulding 
machines, the cost is much lower. 

Parts being produced by centrifugal 
casting as a substitute for machining 
are bronze, beryllium-copper and stain- 
less steel instrument parts ; precision 
parts in silver and aluminium alloys 
and stainless steel exhaust fittings for 
aircraft; and stainless steel, bronze, 
and other non-ferrous precision parts 
for ordnance. 


Electrolytic Tin Plating 


By M. M. Steinfels and 
F. A. Lowe..heim 


OR many important applications 

an acceptable coating can _ be 
produced electrolytically which con- 
sumes approximately only a third as 
much tin per base box as when using 
the hot-dipping method. For this 
purpose the characteristics of the 
potassium-stannate-potassium 
hy droxide system and its utilisation in 
tin plating are discussed. 

Two types of both are at present in 
use for this purpose ; the acid bath of 
stannous salts with free acids and 
addition agents, and the alkaline baths 
of sodium stannate and sodium 
hydroxide. Because of the quality of 
the plating and elimination of corrosion 
resistant equipment, the  stannate 
alkaline bath is considerably used in 
spite of the many advantages of the 
acid bath. 

The principal limitation of the 
alkaline bath is the low current 
density compatible with reasonable 
cathode efficiency, and it was in an 
attempt to combine the advantages of 
the alkaline bath with higher current 
densities that the potassium stannate- 
potassium hydroxide system was in- 
vestigated. 

The principal effects of substituting 
potassium for sodium in_ stoichio- 
metrically equivalent quantities are an 
increase in conductivity of 25°, and 
increased cathode efficiency, whilst 
anode efficiency shows slight but 
irregular effects. In baths of relatively 
high free alkali content, the higher 
:olubility of the potassium salt allows 
higher operating temperatures than 
when using the sodium analogue, giving 
higher conductivity and effiewncy. 


re) 


From Electrochemical Society Transactions, 
pp. 77-100, 
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Furthermore, there’is a whole region 
of potassium bath compositions not 
parall lled by sodium baths, and it is 
in this region that the most marked 
characteristics of 
stannate-potassium 
exploited, 


and flexible 
the potassium 
hydroxide bath 
particularly where high-speed plating 
or close control is required. 


can be 
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Potassium baths are more stable, 
have less tendency to form sludge, and 
require less power than sodium baths, 
but they are, of course, more expensive 
and close control is required over 
drag-out and plating conditions. The 
subject of these experiments is to form 
the American patent 
application. 


basis of an 


Fatigue Tests as a Measure of Evaluating 


Corrosion Damage of Sheet Metals 
By W. H. Mutchler and J. A. Kies 


LEXURAL fatigue’ tests were 
carried out as a means of Measuring 
the extent of damage resulting from the 
corrosion of sheet metals used in air- 
craft. Stainless steel panels, approxi- 
mately 14 in. 4in. 0-018 in. were 
exposed at a marine test location to 
the atmosphere and to sea-water. The 
panels exposed to the atmosphere were 
located directly above the water and 
were within from 6 ft. to 10 ft. of its 
surface, while those exposed to the 
salt-water were so suspended that they 
were immersed twice daily during the 
periods of high tide. The steels dealt 
with were polished, full-hard, cold- 
rolled passivated sheets, and were of 
ihe 18-8 type. 
The were 
fatigue testing machines developed by 
Kroose for sheets. machines 
were of the fixed deflection type, the 
specimen being loaded at the free end 
and vibrated as a cantilever beam by 
means of a variable-throw crank and a 


tests made in flexural 


These 


connecting rod. A cycle of stress repre- 
sented a complete reversal from a 
maximum, tensile stress to a compres- 
sive stress of equal magnitude. Each 
specimen before testing was calibrated 
as its own dynamometer by measuring 
its deflection when loaded with dead 
weights and by adjusting the variable- 
throw crank to correspond to this 
deflection. Specimens were tested at 
1,740 vibrations per min., and experi- 
ments showed that stresses were fairly 
uniform over the reduced sections of 
the specimens, and highest along the 
edges. 

The fatigue limits were determined 
on the materials before corrosion, and 
after exposure for different lengths of 
tme—namely, 7}, 12, 24 and 36 
months in the tidewater racks and 
7}, 24 and 36 months in the weathering 
racks, All of the exposed specimens 
showed corrosion. To 
establis ’ 
either 


evidence of 
accurately the fatigue limits 


uncorroded or corroded 


trou ceedings Amer, Soc, Testing Materials, 


+42, vol, s Pp. 568-572 


specimens of any metal it is necessary 
to test a large number of specimens 
and accuracy also demands that tests 
shall be carried out with the number 
of cycles in excess of 100 million, since 
values for fatigue limits are partially 
dependent on the number of cycles of 
The values selected for the 
fatigue limit were therefore based on a 
stress, the half range of which was 
within 800 lb. per sq. in. of the next 
high stress which resulted in failure. 
The data obtained on the two steels, 
containing 19-99% chromium, 9- 82°, 
nickel, 0-09% carbon, and 17-5% 
chromium, 7-35% nickel, 0-11 car- 
bon respectively, showed that failures, 
particularly on the corroded specimens, 
} and 1} 


stress. 


usually occurred between 
million cycles of stress. The tests also 
showed that the rate of corrosion was 
relatively rapid during the first six 
months of exposure, but that there- 
near arrest in the attack 
The rates of attack on the 
but 


after a 
occurred. 
two steels were quite similar, 
lower in the latter steel 
than on the former. The panels 
exposed to the marine atmosphere 
suffered more damage, for the same 
period of exposure, than those which 
were wet periodically by sea-water. 
In general, the results of the fatigue 
tests were in good agreement with 
those obtained by visual inspection, 
and the method cf testing permitted a 
reliable evaluation of the damages 
resulting from corrosion. 


somewhat 


Hard Nickel Plating 
By W. A. Wesley and E. J. Roehl 


) . prewercs deposits of a Vickers’ 
hardness of 380 to 480 can be 


produced both in thickness and quality 


suitable for use in industry and 
engineering by the use of electrolytes 
containing ammonium salts. Experi- 
ments on these lines have shown that 


the soundness and structure of such 
From “The Electrodeposition of Hard Nickel,”’ 
Trans. Electrochemical Soc., vol, 82, pp. 37-53. 
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deposits are substantially influenced 
by the presence of other ingredients in 
the plating bath. For example, a 
notable improvement in quality can be 
effected by replacing the former 
‘hard’? baths with one consisting of 
nickel sulphate, 180 gms. per litre ; 
ammonium chloride, 25 gms. per litre ; 
boric acid, 30gms. per litre. This 
electrolyte is well buffered and contains 
sufficient chloride to ensure high 
anode efficiency, so that the pH value 
can be kept constant. Comparatively 
little change in hardness accompanies 
the change in thickness and this can 
be maintained by controlling the con- 
ditions of plating. The advantages 
of such deposits are that they can be 
produced heavily, but without lamina- 
tions, they are sound structurally and 
of high hardness and tensile strength, 
and with appreciable ductility. Some 
typical physical properties of hard 
nickel are :—Ultimate strength, 
157,000 Ib. sq. in., and elongation, 
6°, on 2in. 


Hardenability of 
Hypereutectoid Steel 


By C. R. Austin, W. 8. Van Note 
and T. A. Pualen 

ESULTS are given of an investiga- 

tion carried out in order to 
analyse the effect of certain added 
“third” elements up to $%, on 
the hardenability (as indicated by 
critical cooling velocity) of a pure 
hypereutectoid steel. The effect of 
austenitic grain size on this property 
was also studied ; the effect of alloying 
elements on graphitisation and reaction 
having previously been 
published in the same journal in 
March, 1941, and June, 1942. The 
hardenability was determined by the 
Jominy end-quench test. 

The alloying elements up to }°, 
which these workers used were nickel, 
copper, silicon, manganese, aluminium 
and chromium in that order of potency 
as effective hardeners. It was found 
that whilst the effect of increase in 
austenitic grain size on hardenability 
expressed in terms of critical cooling 
velocity is essentially linear, that 
dependent on the amount of the third 
element is not a linear function. 

Correlating this work with that of 
Digges and of Grossmann, it is shown 
that the Grossmann multiplying factor 
in low percentage additions, rather 
under evaluates the hardening effect 
of an added element and over-rates it 
in the higher percentage range. 


to tempering 


Trans. American Society for Metals, vo!. XXI1, 
No. 3, pp. 517-558, 
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Stress Peaks in Perforated Metal Plates 
and Strips 


By A. Huttes 


HE author considers two 
(1) Infinite plate provided with a 
(2) Infinite strip (finite 
width) provided with a single central 
hole. 


(1) Infinite plate 


Cases: 


row of holes. 


under uniform 2 


dimensional tensile stress 2c at @, or 

monoaxial stress perpendicular to the 
holes, 

Let 2a 
2h spacing. 

2b = 0-2 il a) 

web between holes. 


diameter of hole. 

length of 

omax, maximum tangentialstress 
on edge of hole. 

od mean stress in web between 
hole Ss. 

If asl is Airy 


function can be developed in_ series 


stress 


small, the 


and gmax. determined. 
For either kind of loading the mean 
stress in the web between the holes 


Retaining terms up to the fifth power 


a : 
in j the following results are obtained : 


oinaxr. 
od 
' 2/7 a] 4j/n ia ) 
3\2 / as °7 


(equal tension in all directions, 2¢ at « 


ommx. a 


od l 


4 
{2 “) 
92 1/4 
(tension perpendicular to holes, 2c at @). 


For the infinitely small hole the 
stress in the rein of the hole is thus 
treble the 


infinity, depending on the 


either double or uniform 
stress at 
method of loading. 

This type of series solution breaks 
down for large values of a//. 

In this case it is more profitable to 
expand in terms of 6. /. Unfortunately, 
the Airy stress function in its general 
form lend itself to this 
purpose. Making however, of 


alternative methods of solution already 


does not 


use, 


obtained by Neuber (** necked ” hyper- 


From Zamm, vol, 22, No, 6, De« 104: 


Ps » 2. pp. 22 
iS Abstract sapplied by R.T.VS, Ministry of 
Aireraft) Production 


bolic strip, imperforated) and Poschl 
(infinite plate with two holes close 
together) the ratio 


stress 


required 
becomes 


omax. = b ) 
o we 
’ ; b 
correct to first order terms in( = ). 


This solution holds both for mono- 
axial and two-dimensional stress 2c at 
# and the inclination of the tangent of 


; b 
the omax./od curve at ( ; ) 0 is 


thus known, although the curvature at 
. a b . . 
finite values of ( j ) is uncertain. 


Making use of the Airy solution for 


a 
( +) between O and 0-2 and the 
a " 
tangent inclination at (5 1, the 


probable course of omax./ad can be 
estimated over the full range. 
The following values are obtained : 
omax./od. 


Uniaxial 
Stress. 


[Two dimensional 
Stress, 


vu 2 3-0 
Ow . o-4 
O-4 
0-6 
0-8 


1-0 


Infinite strip with a single hole (ten- 


sion in direction of strip = 2c at @). 


a ‘ = 
For small values a i (21 = width of 


strip in this case) the Airy stress 
function can be expanded in series 
form. 

The ratio of max. tangential stress 


at hole to mean stress in lateral webs 


; ; 
becomes (“ between O and O- \) 
omax. 3 4 a 4-38 a 
od l l 


a ‘ 
For large values of P (very narrow 


webs) an approximate solution based 
on the stress distribution existing in a 
semi-infinite plane with a hole near 
one edge can be obtained. 

The required stress ratio becomes : 


omax. " D 2fb\? 
od 7 45\ 7 i 


where b 
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fs , a 
This holds for the rangé 7 0-9 
to 1-0. Knowing the shape of th 
stress ratio curve both for smal] and 
a 
large values of =, the curve can }y 
i 


estimated over the whole range. Thy 
following results are obtained : 


a 
a omax,: od. 





It is interesting to note that for small 
_ 
values of-. omax./od for mondaxial 


stress is the same for the infinite plate 
with a row of holes, or the infinitely 
long str:p with a single hole. 


. » a 
For large values of j however, 


the stress ratio differs markedly for the 
plate (holes close together) and _ the 
strip (single central 
almost the edge). 

In the former case the mean web, 
stress is equal to the max. hole stress 
whilst in the case of the strip it only 
reaches two-thirds of this value. 


hole reaching 


Industrial Applications of 
Infra-Red Spectroscopy 


NFRA-RED spectroscopy has 
proved a powerful tool in solving 

problems of organic chemistry, and 
finds a widening field in industry. In 
this article the theory of infra-red 
absorption and its relation to molecular 
structure are discussed to provide the 
essential background for detailed de- 
scriptions of techniques useful in 
analysis. Finally, a library of 363 
representative spectrographs of organic 
compounds taken in the rock-salt 
region of the infra-red spectrum is 
presented for comparison with those 
obtained from unknown compounds 
after investigation. 

Qualitative applications of infra-red 
spectroscopy are: (a) ** Finger- 
printing’ of compounds; (6) recog: 
nition of specific bonds, 
linkages oy groups 
features ; 


chemical 
; (c) gross structural 
(d) qualitative analysis ol 
mixtures. Quantitative applications 
of infra-red spectroscopy are: (4 
Analysis ; (6) measurements of reaction 
rates; (c) determination of thermo 
dynamic data; (d) 
and control. 


From Industrial and Engineering 
Analytical Edition, November, 143, 


process a valysis 


omastré, 
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Reviews of Current Literature 


The Extrusion of Metals 
ExTRUSION is usually regarded as a relatively new 
method for converting metals into various useful forms. 
Actually it has been applied for more than a hundred 
years; until comparatively recent years, however, the 
method was concerned with soft metals, more especially 
lead piping, and its application to harder metals com- 
menced with the inventions of Alexander Dick in 1894, 
when he successfully developed a process for extruding 
brass. Since that time the progress of the extrusion 
methed has been rapid ; at first greater attention was 
given to practical details in the development of the 
method for making rods, tubes and sections, during the 
last 30 years, however, the whole subject of extrusion 
has been given considerable metallurgical study, and 
to-day the process can be regarded as one of the fore- 
most of the technical methods by which metals are 
wrought into shape. Among industrial alloys there are 
few indeed to whose working it is not applied to some 
extent ; and for many it possesses unique importance. 

Although there is an extensive literature on extrusion 
problems, there has long been a need for an authoritative 
hook on the subject in which both theoretical and 
practical aspects could be presented in an informative 
manner, This need is admirably met with this book by 
Mr. Pearson. The development of extrusion has tended 
to diverge in meeting the special requirements of different 
materials, but in this volume the author has collated 
the scattered information existing on the subject and 
presents in concise form extiusion practice relating to 
different classes of work and materials. 

The historical development of the process is sum- 
marised, and, in addition to practical developments, 
informative theoretical aspects are included. Thus, for 
instance, chapters deal with flow phenomena in the 
process; and with:factors such as temperature, the 
speed and extent of deformation, etc., in their influence 
on the extrusion of metals. In regard to this the author 
has drawn, besides his own extensive work, upon the 
important investigations carried out in Germany. The 
subject of impact extrusion tends to fall into a class by 
itself and has received separate treatment. Some space 
is also given to those specialised methods of extrusion 
which form a connecting link between it and forging. 

The author has already done much to clarify the 
subject by the reports of investigations which he has 
carried out, this work, together with the careful review 
of other available data, has enabled him to add greatly 
to his reputation, for with this book he provides a 
valuable contribution to the progress of the process by 
collating essential data and presenting them in a single 
volume. The book will undoubtedly be of great value to 
all engaged in the production and use of the large 
range of commercially extrudable products. It is 
admirahly written, well illustrated, and is interesting as 
well as being informative. As Dr. Genders states in the 
foreword: ‘‘ The appearance of this first up-to-date 
reference book on extrusion will be greeted with wide 
interest and will provide an impetus to further develop- 
ments —a view with which we are in entire agreement. 
By C. E. Pearson, M.Met., with a foreword by R. 

Genders, M.B.E., D.Met.; published by Chapman 
| Hall, Ltd., 11, Henrietta Street, London, W.C.2. 
Price 18s. net. 


Studies in Arc Welding 


Tuts volume contains 98 of the prize-winning studies on 
arc-welding application submitted for the £40,000 Award 
Programme recently organised by the Lincoln Founda- 
tion. The information made available in this form 
represents the accumulated knowledge and experience 
of more than a hundred engineers and designers who 
have applied themselves individually to a specific design 
study involving arc-welded construction. Most of the 
studies concern war-time production, although the 
principles and practices detailed in the individual papers 
will be of value in post-war reconstruction. This is borne 
out by the savings which may be effected in critical 
materials and production costs. 

The contents are arranged in the following nine 
sections :—Section I, ‘ Automotive’ (11 chapters) ; 
Section II, “ Aircraft’’ (7 chapters); Section III, 
“ Railroad ” (9 chapters); Section IV, ‘ Watercraft ”’ 
(4 chapters) ; Section V, “ Structural ’’ (11 chapters) ; 
Section VI, ‘ Furniture and Fixtures’ (6 chapters) ; 
Section VII, ‘Commercial Welding” (4 chapters) ; 
Section VIII, ** Containers ” (6 chapters); Section IX, 
‘* Machinery ”’ (40 chapters). 

In selecting the papers for inclusion, careful consider- 
tion has been given to the subject matter of the 408 
papers for which the authors received awards. The 
final selection has depended largely on originality and 
the extent to which the particular paper would con- 
tribute to welding literature. The object being to avoid 
duplication of information and at the same time to 
compile a volume which would be as comprehensive as 
possible. 

The papers are reproduced in complete form. In 
some instances the more lengthy studies have been 
condensed, but in no instance is pertinent material 
omitted either in the text or illustrations. The volume 
contains 1,200 pages and over 900 illustraticns, 

Issued by the Lincoln Electric Co., Ltd., Welwyn City, 
Herts., England. Price 15s. net. 


Quin’s Metal Handbook and Statistics, 
1943 


Tuis is the thirtieth consecutive year of publication of 
this authoritative international reference book on ores, 
metals, scrap and iron and steel. To promote easy 
reference, the book for the first time is divided into two 
sections ; the first is purely statistical, covering prices, 
imports, exports, production and consumption of metallic 
ores, major and minor non-ferrous metals, precious 
metals, iron and steel and scrap metals. An interesting 
and exclusive feature, in the absence of official statistics, 
is estimates of world production in 1942 by countries of 
aluminium, copper, tin, lead and zine compiled by the 
Metel Bulletin. Details of United Kingdom domestic 
exports for 1940 (the latest British trade figures of any 
kind to be released) have been incorporated. 

Among the new teatures in the second section is a 
monograph on the properties, uses and commercial 
grades of non-ferrous ores, some notes on specifications 
and uses of copper and copper alloys, and a brief sum- 
mary accompanied by charts of the method and procedure 
of the manufacture of steel. This section, in addition to 
diaries of events in the copper, tin, lead, zinc, iron and 
steel and scrap markets, includes notes on aluminium 
and magnesium and their alloys, covering constitution, 
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properties, uses and fabrication and machining methods, 
etc. Minor metals, which nowadays play a very impor- 
tant part as alloying elements, apart from their other 
uses, are the subject of another topical feature which 
gives brief details of their properties, uses, commercial 
forms and methods of sale. War-time control as it has 
affected the various sections of the metal industry is 
outlined, and reference tables are included of weights, 
sizes, gauges and physical constants of various metals 
and metal products. 

This is a very useful handbook ; ‘it contains informa- 
tion for metal manufacturers and uses not easily found 
elsewhere. 

Compiled by F. B. Rice-Oxley, M.A. (320 pages, 6 in. 
4in., green cloth, 10s. post free); published by 
Metal Information Bureau, Ltd., Newland House, 
Eynsham, Oxon. 


Diamond Trading Company, Ltd. 
Research Department 
A RESEARCH DEPARTMENT has recently been established 
by the Diamond Trading Co., Ltd., whose London Office 
is at 32,34, Holborn Viaduct, London, E.C. 

This department is under the management of Mr. 
Paul Grodzinski, A.M.1.Mech.E., who is assisted by a 
staff of five. It is engaged in investigations into the 
properties of diamonds, their preparation for use, and, 
in particular, their application in industry, both present 
and potential. 

An extensive library and technical archive, which 
has been built up over a long period of years by Mr. 
Grodzinski, is being continued by the department, and 
its information service is available, free of charge, to all 
users of diamond tools and any interested. 

Aluminium Alloy Sheet and Strip 
in Aircraft 
(Continued from page 201) 
cupboards and doors ; and here the experience gained 
in the use of the aluminium alloys in flying boats 
will doubtless be called upon. 


General architectural applications include the use of 


aluminium alloy sheet as a roof covering, gutters, and 
Venetian blinds. Formed strip may also be expected 
to become increasingly important in structures for pre- 
fabricated dwellings. 

It is also natural to expect that much of the experience 
gained in the aircraft industry will be carried over into 
automobile engineering, and the application of alu- 
minium alloys to body work, fuel tanks, ete., will be 
Low body weight is of particular importance in 
public service passenger vehicles and commercial 
transports—again light alloys will play their part both 
in improving the overall power-weight ratio and pro- 
viding surfaces which will resist corrosion very much 
better than other materials. 

On the marine side, where already a_ considerable 
quantity of aluminium alloy sheet has been used, we 
may expect suitable material to be employed for the 
hulls of small vessels and, in larger ships, for applications 
similar to those that may be anticipated in domestic 
architecture and also as part of the superstructure, ete. 

It must be stressed that for the successful extension of 
the use of aluminium alloy sheet and strip care must be 
taken in the selection of the alloy most suitable for a 
particular purpose, and expert advice should be sought. 


seen. 
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Control by Valve Equipment 


A NEW company, Electronic Controls, Ltd., has beep 
registered to develop the new and rapidly expanding 
technique of control by valve equipment. The directors 
are associated with the Electric Furnace Co., Ltd., which 
has successively developed the use of high-frequeney 
currents for the melting and heat-treatment of metals, 

In the United States of America the use of valves jg 
rapidly being adopted for controlling many types of 
metallurgical equipment, and important developments 
are sure to result from the knowledge of this subject, 
which has increased so rapidly during the period of the 
war. 





Welded Aircraft Servicing Jack 


WELDED construction has made such advances in recent 
years that there are now few structures in which it 
cannot be successfully applied. Its application in air. 
craft construction has long been recognised, even in the 
equipment employed in servicing aircraft the process hag 
made considerable progress, and an interesting example 
is the various types of jacks used extensively to facilitate 
the checking of brakes, shock absorbers and landing 
gears of all types of aircraft. 


By courtesy of the Lincoln Electric Co., lia, 


Are welding an aircraft servicing jack. 


The 18-ton wing jack illustrated is constructed by the 
are-welding process. It is built from heat-treated alloy 
steel to service three- and four-engined aircraft. A 
special pad, shaped to the contour of the wings, fits om 
top of the unit shown. The operator is welding on the 
trunnions used to support the wheels upon which this 
mechanism is moved. This form of construction results 
in a higher output of a jack which is strong, yet of light 
weight and improved appearance. 

The finished jack lifts to a height of 71 in. from@ 
closed position of 41 in. It weighs 678 lb., is operated 
with a speed crank to the jacking position, and a ratchet 
socket with a level bar to raise the actual load. The 
elevating sleeve is of seamless steel tubing. 

















